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£, 2018 F, IPCC &AM (1L5CHARE) EX&RT 2030 £ EH=
FHEBIT T RIZKFER 1.5C°, X MREREES | X EHKBEBRARENIBR S,
IPCCZEREERELRFRR, SBEZUELEMEMERSHAAN, £SREMETT,
MEEABERHE 1.5 B ERTR, EREEHSENEHTRIATARENTE.,

(ERWE) MBEIRETE 2050 ErISLEEFEHR, MBI ER &R BIFAK
Hr—, PEEEEUNNSEETM, 202098 22 B, AL FFEAESE 75 BE
GEAS HRYTERESER X NE, XEEME HHBXRAERE, —58
WERHE DG 2030 FRIARIE(E, %15 E 2060 FFRTEIMBRFN", I 12 B
12 B (EZhE) B EEAFR 2020 SEg gt —Pmif P EERHEET |
NEKEIR, W& FESBRTTEAES,

RIE 2019 EHEMBAMHNEFTGIT, RESFEKITT 2956 AT, MEERK
S ANBGBIL 3700 B A, BRAEEME. 24 ABRTEEFE2EIEN, &R
EEAXEE L. SEREKERFEMIARE, BHTREMEERZ. Kk, &
MMABREER, NENSEHELRNFS, HIIESCIAER, 2019F, (&
BATEMBRTHAGRAR) A£G HEERAGOERMEE, O TITEDREFR
NEERE , HEE 2013 FLH (HEHXTHRDPANKEREPTAEKLEDN
BA) |, BRI REER. BIRERE.

EHEASERMINGENEREE, 2RBHEEFRAL . BIEHE. T
GEARBEZNEERT, WEBREABEEAHEN, FERMEMRENEIEE
BT EFRLERBOERZIR, BN TRLSABRE4TENES, BHTHSED
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HEmSERBER. BILE, BFAS WIAE, THASSSHBRELS
£ASHRRYE, FUESRERESERARE.

HERER, B S BRERRRERESAC S RFRRTHEE, %
EASAETHERENALFEEENRERD, RATHRRPBEEIRE,
i SR EREN T RREL RSN, 2008 F5 A, EHLRLE
HEHRE, £EE 400 FHREEDNRIENESEABHT 4 .

SR R AR B SR BRI A ERIEE 2 —, SRAEBATR
BELX FRIASFRNRELERBORE, LN FNROARE, LAR
RSBEEUEAE, TESFHERRETHENEERE. BHEKERAL 10
ZHmET, AFRRATRATENTRGER, EARASRTHLAER. »
SR RAGRA. FET 2005 FFHRTRETARK BT EHRER
FAPPIPE S EAR (GREEN MARK), ZAREAEF N 216, AR BERE (2
AR ). SMEFEBRNSTE, FISEEETASRRERRE S CR
HERS GREEN MARKIAIE, JHHRAE LRI S HEK R T BRMEA,

R DRGI N BROEHELRNT EENRESSE. Bk, ABLET
RE R 23 M 25 DIMRHA MRS, MREML, LAHERE, 2
RPN TR 5305, REREN ARSI, THARRNBRIE
BR. TREWEES SEHFAPEETRNRY, RRTESREREROS
HETE.

AFWHEEN BERERFHDTNESERER, B TROVANDLA
A HENRREEIOHERS, FE AR B AR, SR
BNEBIERE, BEESEXEAMRMSENERIETAE, D PEAL
BRNARE AR EE 55X,

‘HERH. B%F, KRN, B, & ETHTHERENEARRERRERFERERART [J] .
HEAD - RESIRE, 2017, 27( 4) . 143 — 150,
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Discussion on the Importance and Path
of Universities in Low-Carbon Transition

g

PN, EAFHRR, HEBARIANERFT OETXK,

PEZEAFERKATSER. ZEX—ENERFTER
HT1E,

FEREL

1 FHFTMEERPERAZNETE 4 T, KEBLUERED
LB AR BRI,

2 ER(FEAFERELERIER) (BEXHFE)RIBLE,
3 LAETREET A 7 I,

4 T ENHHEZEN 3 T, AFERIELX 2055,

5. k158 EPEHSE CGREEN X

TR, ZHRIBABESTRRRBAREEERENVE, BHERE
MAPE, FRT—RIMREME, FEIE. xR ENTIE, £H#EES R
NIRZEE, BE T —RIFUNR—ES AT AN B R R IR MR AR |
FeEXRANHAE. %*%iﬁ)ﬁgﬁéﬁdﬁ%{%

Ws, EEXKBLESESR, £2URLBEEER, BEXeRENNEHES



| 004 |  @IREERERFNILS

HEBRE A TR ANLIR, WAk T AKGEHREMES LB
FE., SRBETHRESE SN, REEAS TR, REMR. HSRESFCH
BARNERED, BNRIKEMSTE, BASXBESRARKEZEIMEEH
2, MBEBTFARNRAE, BUBFARNZEER, ESEFABRTIESEHM
SRE, S ERTPNESXASIMESLEE,

Mo, ALt RRENNHESR, SREYFBOMAR Tk ELtES
IheE ? B AFEIE LRI ?

BEHDAT. BREBRESNNTEATEE (REFHKVRTHHER) B
BHFEY, AREREMNERHRER, BRI SatEll, B4R0AH  TUE&T,
RHE , ZEEL, 2ELY , BEHE, EAETHERRN, EUASTFEE
BNABENES REFEARES, BEEERUBSKZBRARERES,
KO TESHERENLERILE S TEREEZELRER, 2RANHER
IS5HH,

BRI & SREARRARESXBHE, EENEEBARX  BERAFEAHE.
ERzages MTHEF, LESZENNERE, BREFERE, BHEZERESH.
HEHECUFTAR. FOBRBE—RIINRRLE, BETEETRE. BRTEE
MANXTRESTENR, BHRE—MEEEEAST . BIMEE, XLETLSRBIL
SHSHZAERLR, 2B TEEFARNTLHNER, BB — DRI SKE
A SR .

BRNETEESER, RIRRER, £i7a, UBERKeXEMFE2E
TARNHYMTCRA ABENR, SHRNEURERE, REZeRES N, &
MERDZRA, RAFRUFELR, ABERBINEW. R#EEH. SABH
REEHIRT R

TFRESNPAHBERZEREZREHNNEIR, ZRZEHE BEERZEAT,
HEER, SREATHN'BAR EFZ2E05 BENATTEFTEUYTHAS
BRHERN, TEFEHSLARFEN. SR, tABEEF—REEEZEBLRER,
BEMXHIR, FHEESHHSERLARBNT L,
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Fit, SREGUERFEREARY, RIEFESREFAMRZRIR. ZER
BRIPRERSHBEEELZNHIRNSRAT, SISERRFLERANERIF. O
FELXRXUNEERENRTE, FEZFFEDRINERFNERE, HES5
FgeREREERK, FrRMNge. RudaEs, B IMMSERER
EREE N

BIRER, TUERAREETHPREIREUBAFE L ZEEEEA LI
STFEF, AR TEEEAEA . ERMEE . HRKEEEREE, RRES
RAMNTR, ARFRAIIMRIE, BEH T RENREREXK.

EREZIAMBENHRER, FRONGZTEFEZR, SHUEETEE. 35IA
EEMEEHREA, IMRBEFEERETENERITR, REFFRRE SR E R
W, LURELEGEHHNEEIETER, FERARERES FTENBRMER. X
HERSRNATEANAHBTHESHS, FTEREERE. BREEE. BE
FERRMBEIRVFTNEE DA SE. b, B REEEF 5 TR FESIRIRH.
AT, BEFEQ R, HTITH. BRNTESINE, AFRTEBENIT. TEER
REUERE T BTN TR, #H—PRE T RREENER, DA T HFMAR, LR,
BERPKATE. DK MR BE. ARGENASEZETE SISREHE
TEZBRZBRIIMVEERETRIT.BIE, BF A R2RNE B HIUE BT,

ENFEE, BRKEEEA—TTHEAHNMNENTE, BEBTEUEE.
BPAREFEFE, NKBER. NBALET, SHRSTERERRE, BEDZHE,
TR F LR, EEAEH, SREREBEERANTER, AR—RIIZEEF,
HRRARHRARFESMERE R M TILBEABBERRES, BREURSFESR
BEFENATENZHUZERETS,

—HDUR, 2ESSREAES NIRRT IMEAT  ASXPNEZeRE,
AMEREENZ S, KB, BROZFHEENE, EHFE SEEREZIKN
B, FUMIZIRRATR, AR, B DRERALFRZAR. BmE2
ZERFERIMRETRERSTEFEEER, EATE. RERE, BSARE—

wE .
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Chapter
Low-Carbon Planning Strategy

SRAREMESHHIAEEMN, HEEERNNMEMMINERR . ML
. e MFEEZ T HER, RIZEHFEIEHTEEAL, 7 88 SSIRRmMF >
AESTHESR, BAESIMENRERE, KB HEMMR. FEHIENEBARE
RERBAL R RES T e D B AR — D T £ BES.

AR T LR AHEHETFRANRRRARGD, SAIEASRIKT
ERFEELNEMNSEENRELT . R 7T IRERER TK, TERERAERIINA,
R Z NSRBI MR EEEI N A2 BB RRRER T, KERERN
ERZIREMRESEEFHREAIHL, FTLURE R AR EF M —
HFRERPEFESCERNRY R, MEERAB MMEREMEFMEZRNRSE R,

(SEFRTAURERZREESHEASN) (Gefr) F1RE, PHEARE"
RzaERERENEHEGEARA, AELESMDEINRER, HERESINEEZ
BRI XR, TEMHSHR. EFIENNRRERENE— HERATEEHE
BUREPEREERR. MFRERZATE. MERETAEELZHE. MEEN
Sustainability Tracking, Assessment & Rating System (STARS) MJM=A  (academics) <

2 5E (engagement) . izE (operation) . #MEIEIE (planning&administration)
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JUN T ERS PR T 82 TR, HEAREARRER THRAE. £.
R B REERNIKME.

REFTHERTREBENL, MNEREERES. EEhBANRHLES
FTEAATF, BT =1MRATE. RERERBILRETHZESG, ,\Tffﬁﬂﬁ
BEWARFE . IIRFBTRE KX KERF,

1-1-1 TR AF A (BR https//vvvvvvgeorgetovvn edu/)

ToaHAFI LA, REEFEENAFEZ —, NSRBI aH A BRE
%, 7% 7 BATENSE. ZBENLEBTRE, MERN\THEENRAEE, Tt
REER. BIX. HOARAHRERER, A AFL AR TERIRIAMRIIEES.
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1. B=HR

2006 £, T8 K F 1% K John J. DeGioia 7 i £
2020 FF | ZRORESKHE B ZE DR E 50%, 2014 £,
BISWEEEBFNINTBAER, 1ZK0RESAEHK
B8 2006 R0 71% A, RETSLIL B AR, RIEWLL,
MR FN R T 545 B e IBKIEA 2036 FEAH
Mz RN, $E T (REGHRI)  (2017-2086) |, 15
SHERR 20 FNTHELRE. B, 28t 5IaEHt
X&1EHLR (GCP) E®MEE, BETUFEARITIN
BEUFBHR, HREXZHXPERSHENLEE. &R
ERABGER, THRBAZSRIMNENFEAF, 252
BERYARERNE. EREA. RERER. BEEE. +
HE5EW. BEREYEBEREISE. REZBMZE K,
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& 1-1-2 SCS ZH[fEFEX (SCS Campus) L REE
(ElJR : https://scs.georgetown.edu/about/our-campus/)

2. B 5INRE

B 2009 FiE, THARKEMAEFNERNEADFT LEHAZEIZEERE
£ (US Green Building Council) §J LEED SREBIRITHRE * FAVRBEE SR T 48T,
TR ASE 8 FE LEED B &R, DEREIR 869,000 FH7ER (480, 733 FH
¥) o HAEAREME-MNEITS IR SCS # R X A48 175 7/ NP RRMAE
i (TAC)

LEED 3R F R ARMEINE . LEED B — GG EFUMEW R, BANT RN BEAKS LK, LEEDAET
RIE, IRRENRALGRY, AEARTLHEEHN BRI, B, EPMEERANERHF R,
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(1) SCSZfrEX (SCS Campus)

e (SCS) KEAMFAILLFEEMNKIE 640 5, K157 LEED IAUE, B
BUTHER

FEIX AR A T B R, Hep 75% B R RLE N EERIBIR 53 T 3R
o EZ$m%T%ﬁméﬂ%%ﬁﬁﬂ T LED AT AT, AR 0 aE4R
HERX. B2 ° BREMNEE. KE. UMETRKBAEER, 1 EXIR
z@zﬁ%%ﬁﬁmﬁﬁ,uﬁm#%mT%Ezm EFEE. B, EXKELE
T4, AR EWMOT IR T RFLEE TR,

(2) AEpHE R/ NERFREE 0 (TAC)

28 H LR NARMEBE L (TAC) 2
—tR 4=, 44 FFHFER (413, 3718F7A
K) MR, AHEENTREORITRIEREG
7 LEED RN, Bla0, KB OBt
EBIERRBERKUAREF A, FREEE
B, A4 EyRii St O mmieG
MR

“HIR 2 (Energy Star) 2 —IR kK % P b B A4 R IRTI RS Y B FRARE KOER], B RIT 1992 £
EFRE R, B RS R IR KOR D R BT R E RN A, R R, B X
B A bb vt RI B BT A a7 d L R R B W ARAS, RFRA LI XIM 7T & E R TR
WA, ZEEAEME RN, ALAERE, B, REFE, FRAY RARAHTHA, £EARET
1996 £ RAAMRAE D) bR ER AR, B RE W By 0 RSB bt RE S s RE AR (B4
B, =W, AAEREF) . AXZEAN X ERBER BT RIURE LB, k-2
FAARFMOWERI T H AR T LT RIARFZE AL,


yi.liu
Highlight

yi.liu
Highlight
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3. BEIRfE

2014 ., THAHMAFFETHARBRIEE (REC) , REHBIIWIIHAR
71, 52006 FEEFARLL, BT T1%REERT, AN FLI T RHEBE R, BL/E,
TRPWAFZ OB ALE T —RIITeEERE, XEEBEFEDHHFERTE 330
AFEARIBIF 82,000 BEAEREN (X5 206 2F+) HRARE—RD 5500
M0 ) — | AE M TFE 14 5 2484,

(1) XEFERAIHR
TOAHAFHTRA BRI ATREMER E X REXEHEIAG S, =2
%Ui_’fﬁ%ﬁ’\]iﬂ%ﬁ‘ B EAREPIIRPAIL KRR, EE MR R ERK
WEPRIREHRSLIAIRUAL HRFKIR SR AR,

(2) HPRMEEANHIST HIBUE
hi T BIVABAFIABAEVMEREENAE 2 HHTHER, MESE
FRE, fIU, FHSRLHIRNR . T) W LED BRUE AR R KERIR A
BFR. P REH R ZRBKREEFNRARTE &, XLREREHTTIAH
FELR) 2508 MEAVERHR, BT 528 HA L —FHIRHL

(3) ERPEEHUE

THIRT R XA £ 500,000 FHER (446452 F77K) BREFRHRHA
R B EELT AT 7 FH 4R, BFE White GravenorE’ﬂ*“ﬁ%‘ﬁEﬂEﬁzi% Med-Dent, Hoya
Court FEAM BT EELTHR, FUtEFET HEEIY 200,000 FRHEIBE .

2016 fF 8 A, THAHMAZEZM I RE HEENHHILE, BEsSNESE
BT FTARESPAEIE, FAEZNLEROKSR SR TS 2R E TR EoKES
THRE A L FF /KT E I 18,000 7T (é’q/a\ll AT ART) , §FERE) 382 ﬂﬂg:
AR E, BET 3621 FERTFHIE .

2014 W, — 2225 %?ﬁf@uﬁlﬂ%ﬁlﬁ B4 7 £17,000mmBtu (B 5 HEH,
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295 42,840 FF) BAIRRIASTIN 902 MAIRREER, BT 190 AT —FRIcHEE
BE,

2012 M, WHEBEEENRBHT THUE, SFIHEBRDN 100 58 (A6
454 1) B FAURRHEEY, XABY LKL 55 NEERKERE T EM

(4) BREFEFZ
2014 THEE, FREEEEN 7 ASHRAE —RESBEZ, NREW 40 L&Ay
FTYEZ, WET 400 ZFRENTRERE, BHEX S E KRR,

(5) BFBIMURS
umﬁm EREEANEARERRLAFEFEINRFZHTHEERE, BHR
EPEI’]/Jmﬁ#FﬁXﬁ% }Eﬁ Hb/

4. REBR

AR FNH B B L1 HET (Leo'sDonovan Dining Hall) &I E
FRZM T, 8RFBRE, BOKMTRAER, BITFEERURDRE
T, FERETHNTFETTHEL TN FLEREIRBEY), MEXLE =1
Adlm. EEERARBVERFEMFY., 7 2009-2010 2F, B EABANAMFE
FMIBRASRMBIZEN 7%, LI, ﬂﬁiﬂiﬁﬁ@ﬂmoﬁiﬁ;%ﬁ
MR 2R LI RN F R ZINIE ) AR BRI IREY SR, izt
NZEMER  RRTEREZRE, 59 1HKY 145,000 h0e (£ 549 zﬁ7l<> o

CREAR, HHFHLERERN IR T RATELE, ATHF 5 EARMEBKR, UEKRAE,
WD R IR AL
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tboh, 7 2010 MBF &, FHaE T (Georgetown Dining) HEFTIRIRAIEY)
BT M 2010 ERCRTTEE, BT AT SIEARRITINSEERE—TE
SFEAFRE, DRI LEENRE., XHFRETERBE, EREMN 4%,
%%,%ﬁﬁ%ﬁ@ﬁ%%%%ﬂ%[$%iﬁ—%ﬁE%MﬁLﬁﬁ%mﬁ%,
2900 WEITEY, BREMBEFENERE &M (BINFZ, EHEMEMBYL
) AR R RYEE CREFBESLE) | SHATEYERNZENIR
RPWEFFHHRAGELIRAED, 225 B XNAOHEIDREL, EREBIE S
FRITEIEN BERHER,

5 iBIEE S

TRBRFEEEST 2017 FHAE M S TERBEBIR (Socially Responsible
Investmg Policy, SRI Policy) , 1ZBUR#H— B RKZRRAEME SIS EN . RIPAE

G, BIEMIKAMERH 2 HF S AARE S SRR, XBBGRETIHEYL T
/\k*ﬂiﬁﬁmu Eﬂﬁiﬁ§ﬂﬁﬁiﬂ£$ﬂiz RN, FFE AR A A N IETE LT U 3REE

ABBE—THE  EREARSN, BERB ZRLALEFETHA
FHHA

B A IR B | ERANGEEEN T, HAAAE R
RABFHOAS.

CZ5—#®RMWE  BIIRERE. SEMNNESAEEM, BITE
TEABEZR E!/] SyE
D. &M HENHRZE L B RRE S AR oM . R AL 2 FI IR 5
BN EIRER T HHK R T IE

%

6. Tith 51E#
RAREIEBR, AFRIEIT 500 A5FHER (L5 46 TFFHK) IFER, HR.
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FEMTEZE, TABARZRBRAT7 EE (N6 28,000 FFHXK) NERKEHFER,
SRR FE S IR T 2003 EEX B T HIEEM IPM B3R ° SRBY AN MEMEANF
REEE L, B, A7 IS EXEHTER, KENKHRS BN
X hEBEREBRRE RGBT ARK, ZRGE BN KSMSERIER
DER R EARMIRANKE, BHELERTUENANK, MRITHERREUA,
FRM SRR FEFTER D KHIAEDNNEEY . EEAREREATFELEELD
RETHEH, 5 TIBNERIE, 10, REABELENIRIRS TIBE,
3 Reimagine Georgetown® S IFHI T 45 E T H B F 2009 EE5FHREH A, F4
AT AZE BB 22 418 (Yates Memorial Field house) JETE B—ER +#th FFEE Y.

7. EEEY KB EIE
B E 2018-2019 2, FORHWAFEHBRITER R REWARS (Single Stream

7

Recycling) ',

" IPM(Integrated Pest Management), & 4 #4638, PMI B & @t T B 4647 BB M. R EM.
EREMALE, RAGRSHEFHESHR, BIAMK. REXGH., 2ENELEE T L, AW
HHARE. MHHEP R FRTAE, 080K E, FRARGIR, FREAE. B2HEY
PR, B WA, B A AR A 4 A DA e e E

® Reimagine Georgetown (RIG) @|Z T 2007 45, A ¥4 H X FREHEALRY, T 2013 £FERX{EiE,

D ERER (WA CEeRAT R CE4XT ) BRALY, ARTE, BN, ABRMHNERE
KEEFRE, MARHGERESLS A EBNEE (RA, 5K, REFER, TR, HHFE) |
HAENMETRTHRLE, EEEY, KEPAEREH R ALEXMN TL2REHTE KRS
My, I E YR N ES R B (MRF) #RAT A AL,
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CORRUGATED MIXED
CARDBOARD RECYCLING LANDFILL

Empey, latten, and place boxes under this sign. Clean and Emp ty When in doubt, throw it out!

4
-
&‘—\-Z—’

B 1-1-4 THaRAR R R AR SRR

8. RE 3B

MNAERRBR D HRE[5R. BESEARUEN. ERBEEURSHEHNE
ARFEAAZEZMAE M, FHiTaRARF R T ZM e AR 55308,

B, MAHAFAFA. FERATHARMEEREEMENNZBHFXINE
RAFLT, BR/EHRRERE. 2HE. B7E. AEHZMEMAR. #E
2014 5, ERBE=02 ZHIREBEHENFBRISMEE LK EPF IR,

HX, RENFZHHEEDCEIENFERERESNENYIRE, F,
FRAGERNBESEREBTELEY, IO THERRNERPIENB TEFRL.
2013 FF, ZRHEEEBTEBTERBANTAFRETHRKER BITERTRE,
IR H 21,
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W LBUE g
(l‘

\\
T

~
7~
s,
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FRIGBLSREREYRM. S5 BN LT #HT30RF K EE (TDM)
ALK 77 SRR D7 2 OB HEIS

BRI, PR EEMAEFRER RNV SRR, BinT BER
1 (BIMPTHNBARGTE)  HETZRE. IRARER, & T IRHELE.

9. K K

HEAETFERN BPHKREBEEEN, ENEEZEATETRY. 2R
AL, 2R TR DRKERAIAEERMLER DK, FREILREFEEFR
KRR TR A KB, BT T ORI EKRN., HRMRKER, ¥
RERE ST KB4 B RN B FRATH.

%

1] https://scs.georgetown.edu/about/our-campus/sustainable-campus/
2] https://scs.georgetown.edu/about/our-campus/

[1]
2]
[3] https://georgetown.app.box.com/s/mv2xmolegvxsopvwlo10bfdvwp2eobls
[4] Bicycling at Georgetown https://sustainability.georgetown.edu/bicycling/
[5]

5] Sustainability at Georgetown, https://sustainability.georgetown.edu/
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WHEATERBHNEREE, ORI BEH. FMESHSENHETEROT, Bl
FHES AN RENRMNE TR BMBENRESRE, HEEHE. MFHR, HE. =X,
ERREI T BVIARE.

AVIRZETERE X EIRITHEREREZERFZHRRIALE, EEEN
BRIt JE 3RS 3L [E LEED O+M A IAIE °, LE ECO Campus $HEIALE °, S8 E(EHR
REEIFIEM T RS AR.

1. FE#R

AVIRSZ/TRK T 2017 FEARZAFHBAZE, RUEFLETHHRN
FUEH X, EXIEMAGKREETHA AR, BENASHEHAR, FilERmE
G RFHRXANEH, EEKREBARERL TEIHET. HEXEITSEAR
ANTEZERBRETHELES, BN NEeE. FIRATHEAER. AR
MNATERAZLSEERRLBREA, AMAEE T —MREARTERENKE
578: 8

P OLEEDMER R mEEAAREERECEAL RS (USGBC) R MM HE, FREBFER, &
ENRZI, BT, AP PBELARRHARNERATLEE, ROATHATRY 0., LELHEE
EAXRITME, RERFIFEURRATHEWTERET, BOANBRTE, KA VWA HFETE,
WANER, RE. &K, HERUNMFL,

e RINEA LEED I NERA T R B R, RERGH, BEARCEARN "By FX", &
H#RAA 596 HIAET B Rk A R .

O+MZHRAHERANEE HLEF T M.
ECO Campus AAAKEFHERZL, BAUSMHTRAR KNS MBY X HRILEKFIR
EHRRGNMA LN B S BR LI, IR SRR A IR D B HE BT T s B B %
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ORENEHETESRERL

ERRRAEBAANETHEAR, EENMEADMSRBEARIER, BEEA
AR EBTSHRAE R, & NETRESEXEBRK., REARE T
8 KHME TN EE, BN ATV FERMRE 1 2 KM ATHIEES BE.
R AT ENREANER. REESHNDR, RETRAEYRETREE. K
XAH 800 R M TMEER, NHEMILHFX. MEAGSEMAX BT, If
WU A, MRV IAR IR TEEXER )

HITRIBIARRIN L

AT EBRETRSENNAREN, AVIXEETREKAREFEE T FEN
WITBAER, ®IT T URRGEEEAT O, EEEIHEX . BREEFR L. B
FrABEXXE NRERNREMZ LKL, 240 B 517 A FERE AR E
RENINEX . REZOK 300 KPTEB O 5 DA A, KX ER 600 K25
FTEEESOIAE 10 MR EA,

B, ATHFOENRENEFEFXENFTESTXE, T OHEAEND
TR EBERE 4 KNTAMBTERAE, FLUBREIMUTE R WX
ENTTRFERANSEE, BR 7 EIMRRXEBRERNZEMEIAML, ARK
FRZBALR S NEREEIERMH TEF,

B, ERXIEMPIRERF B FEX 2 ERE T —5% 1.5 THRXWKRE, I
A KBINEIRE 7 AHECRE, X—KEBENMUABTRENMAEREFH
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(2) THERBERAISRKA

ARTREARERSEITH, RIBARERANELE, XATREERERS,
HWNKEFAREINEXNREFRDRHETRE, b, KEEICRRZHRET
ERAM, ATHKPIBRERE ZBREARMKRAZHERE TREX AP
BRAESR, NBATFAERK KBELARKNERPLLESES N M DR, R
ARWLRKALRKFE, HTERRBDFRGT, BHATERNEE, MEDRH
ERPUKA T KHEELREBRGSE,

BEITE, BEETREATBAERLTRAZE " 2 6690000kWh/a (5T
ER) , LrrxERESMIEARBABRITBERRREEIVEN 3.23 .

CRATHAGRREAARERGUAATHARRA AN ERKYE. (A HIXALHTH
AREIRBLF R G R, A0V B A R URA R B Rt AT R A, )
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BTREUTERE—ANIE, FERKAMNS T, KFHRFE, Hit,
ERXARITERESR, BEESKERN, ROREWWAETEES, S58K%
5 ANTHRE, ERERATAKBSTLENEIRT, SAREDLIFARERTX
BREF. BEMFN, RERKZTENH BIESKERF, REKE@UXER
MKW E. FRELRE, HEROCHMA, BRKRR R O E RSN
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Bt T5 . AT AES B B THFX DA BRI R ESMNEARE. EH, FK.
WIKEANRE B TR BANE R AL, U KB M E AKEA 237 277K/ R,
HAAX DAERMEBKEA 4L UK/ K, FEFEKEBOBRELNN 278 2
TR/ K, IRGKER BERE 15%.

D WHPREER G

HEETRE, REKNARKRNARARKRGENE R, RAMKAEERERHT
ASNETHBERKER, B TSR AR A7 RIEEHARKRKM., R
HERE, REEFES, BIERLRERIFRE, SREKAKVERSH, RK
MIEBT TR, EEREEBE A KNENN, EENMENARFREBER
EER, BREARICRHFZIEMEMA, EEBAEHTINE, EAMMES
LIRS WAN-Ep i

REPOHERKAMEENRKEEX, R OMEIRY 68 5FHK, Fub
AR KAIARS 2.7 Ko X EREIRLA 60 AF 5K, MBERALK " % 065115,
DA EIEE 044 K, RITEMBRRKX 50 Z2XNEWE,

Q) £YHEH S T

BTREXATHENEEE S EEZ BNEST T, REFEYHE
W, FEAEERSMNENEEERS TERN S, BRI T TERH.
TRE, MAKNRNRAFRY, MEEtEANEDHET, FHEH TN LTERMN
JEHEAMRKO (830 XRE—) REDTEMKRE.

"ERARK EEHBRABREER SRNEARAREP 2k, A5k, W a=R/P, BRF
BRERZEARKGHT, REFEET, FHHEE, AREARFRELREREENEm, BRAKL
RN KK ETEA Z LB, 75 B2 3 A ACH R o 5 4
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KRERKEIRE R R EEX BB KR TAEKEEE KR, HRBSE
NFESER. NMTEFHEAEXBBEKEE, BKRKEKT 12X/, ATEE
BEXBCBNKERL, BKAKATOSZX/F, BEKN, AT LUETSE
KFFBEEMT, MM TK, B/NMNSRARE, BIRRERE,

i

(4) ZFEBEFLBEAREMN

D SRR S

RXADFRFEREFHENE, 2FEHR, AESEFTEN, REBRX
BRI, KBERNRBERATHERE, P, TARENDERERIHX
2T —RENRRTHENR G, £F[AGYLUEHFHTREFT, NTEX
ARV EENFNARGEE, I, REKAREEBHRTZIBERS, AP RRHG6.
RHOREHR . DIANBEMNY EERGREHRSGAEN, LU TEFER, BYINS
&m%m%ﬁmh%%m 27T, BE, EEREARBXSHEKRRE °, It

BB OWHE X PR RmAEEE, PRSI ERIBENET 55%, HIFASH
EIRZEMETF 60%.

@ BRBEX

AT MRERABARBNA, HOBRNERERE, BTREKNER TN E
EBTIABINAMNEREBRONME, EEEHNTHESR, F2ENFE
X' RIFENER, BIMMEFTEERBENAER, 80% ATHALRE B E RIBMEE
TR EIISEE K,

CHREALREYRE, BYEER. BA. HE FRAAR, BENPRXERAEANR, K&
MR BB R EAAR, BARRAN, EEE, TAERH U LANARE®A,
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REXEZEIEHMNRERELRBAERE (LPD) ° ZUTERIVENBirE
W7, EASHTENICE, WP, BB (5E) %  BREERNGBAT
NERBEXREE, BERERNERTZEE (LPD) BRHTEMEXEK  =NBAXAS
HHEBRUDLT . IBEARIFEIZTmMEREIIRE, FEREHE T
KTAT B RASM B SRR AT AT B R AT 65%, FFfiel kT ISR B AT AT R
KT 75%,

@ BEBERH S XN TR

=, WRERVSFLNREAXBgix B RAF RS RESWTER
AERRSHIAREERXBEERAETRSE | EE. £8/T. NTHFAHLY

Fre SRAAK A R AREC B AR R B HMABRFIRE B R G HE —EIE | WHELB[EX
FASERY BARFFR K AT AMRLLONE Y B S A2 S . BREIRARK A& RS, Bk
XAJE, FE. HEEHEEERtHRN, EEEFHEHIE, BIRER
BHIES, RORSMATEES . SURPARBETEG RS, HREBEEHS
SREBERE. TH. ERRESEARALITE,

(6) BAELMERS:

1R (PURRERATEREHRREIHEASN) MALBRTEIRIEX
FESHLE, BTRRERITRE SR T REAES XSS FLEIES
SR EIER . WRKA, B, ARBRRBEER, BRER5H PRENER

VR REE. BANEERG, RUEROBARESE (SERE. TEBWHE), B
K/ FHK,



| 024 | EIREHRREZEFIL

#Eoerrsslsl, 8SMtEtERRBE T4, #FLEE. BELBHE. HTH
@%\QF%%E#fﬁgiﬁ%ﬁ REFICEERMAKER. KEERR, BF
Bk BER TR ENRERFLDIZE L RE, RIBEBRRBIBFRG S X,
ﬁ@%ﬁw%i _ﬁio%iﬁ% PERELNFIR, FULUALDSIH. RE
REMALAESFEE,

W

SHEGIR]

(1] JEFIGE , £908 , BRE , % . IIKFEMRX ZEBRENNSEERBHR
0] 2R REHY | 2019, 382(08):47-51

2] I RZEFREKE S (BTERRKX) REREFAIZE SKRREBRES T
e (2018 £F)

/]
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BAFO BN TERTRBIER, PREEH. BHRE, RKRBARE,
ZWHIRIE, EEHNEEARNESHE.

1. Tttt

2010 £ 3 B R 2T EHAREITLENY, BHIREZAFHFREBRE., I
RXEU FRZH P OHXFANREFXAZ O X 2 BAETRBERA, SERER
130 B A K, EFRKEITH, KEREZSEBESME RSB (Whole System
Concept) "WMIRAEB L FEMIM K2 ERFARIHTEE, EARANTHEF
SEAREAR, BEHR. K5EFYS, ST, BHEREBBLERNTITX,
FRBEANHEABA B, AFEEEE. SHREKTEREAFBRBEIR, 1K
BRZEALFREITIEATSE RN ERE R T HSLBRENHRFES,

2. IR ER EEHLREHE

WOBRET R, FTEToHIFEARINEHEMNE—DHEDE, BiIH
ERENERDETER, FTEERSRENER,

HR, BHHL SRR RS AE T EEMMA.. FREFREXEWHETRE LT
R, THREMFERLITBARENMS, Gl (1) #HE @ wah=XKFHEEE. #
HEKRG, URAREEZSENNKRSG ; (2) A #ERE, (3) £h:
REe. KRAEEIER. MEUBWIEABhBE U EBEL | HAERVH N ERFE RS
TSR ETREER, ARG, RIDITIRERMER  BRHFHERBR. X
REZESMATTMN , REEIEFYLRIKEBRE, B1F DR BEE =R R
EREY)  AREBHBIEENLIER , B, € BMER, LU0 BEBESEY.

EIRY, RBRFEY TUKBERRGAD FTENEIAR, KiZHLFEILT,
SETE. ME), FFIBRME 032X, BRESF T~ NA, S2FEW
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%) . BMUEKERUARSGNEENPKEKRFGMEBEBAENNK (WESHAKK
SEMGEM) .

3. B ERIRAIAR X A A

REAFIFERKERAZEIE 1 B 35KV (wfﬁi) FEh. 24 FE 10kV (F
R) TEBIG, 4 EgERM. LR RNESR., E, B4 HAERBICREBRS.
FHABEEXRARAEEHEDIIARS, LFERXSIAZFMEREEHNAX, TS
FATEARE, B DAREMERERE. FIREENMTRERZRNINEZ T,
WHE. B, BBE. MRE. IRE. REZARESIENBENENAR,
EREREBRERFR, MELEMBERRIENSHEZ —, BERTBIERY, £
BEEREHNREAIFERKBZRREERSHRE, BN T REHENTEN.

EFERX LRI R (WA 1-3-2) » R AL C 2R EF I A
R TTBRAESMEE Bth, HAEEZEFHMERRRAS, HYAFXNNERAEE
MBIR THZRAAEBRER, FEXAERERTERS ) B. D s8RGAM
BNEBRE, TEMEEIMIEE, FEHHENAFXANERTIEZNZAEEENS
ARZEXRGE, BEEZXBAMRTIAGS. BRGEBRASTTRRELTMHE,
RN BEAMNREA, WELXERDNERTBEARE, S THEES. D
2988 E 8.
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EERRXESN IR AEXA T ESHEH HNERESMA A, ENNEER
TRALEEEAYE, TEAN A% NINATERE, NaEHAKAERM, M
TERESXOTAEERZEWESLRL, AUEM L, EHOEZEREDSXHHHE
7. HEEENEEUAE, 2 THYEXEEKEINREmTLER, 1508
&ﬂﬂ%ﬂﬂ%%%iﬁ? %ﬁﬁ%ﬂ\mm%%ﬁwMAMWﬁ%W EEflges

—ERESH. FEESHKREBESRRS,

fWMLWﬁﬁ$r%7ﬁEﬁ ST A FARBTRAESEER, TUREH,
MAERE. HhTES. BAEES, 2o SURERKEENBRESEAREER,
LHREMBE. BRF. BUEF BREAMTK, RIEBGBME, RXOA=
IMNAHHO X, DAAMFERAENK . FHREBERXMNTOBSERFEX
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AR, EREAAFABRPEWTA. BEAXC. E2EKARSZ. XM
BRAZ. SN THRAZEZBEREA, EDRMRLTRE,

(1) B EaEL

EIREEFET 40%~50% 2 HERINEFEWMEEFERRIENA, FTIABEPEEMLE
HWREBERLBEARAZ —. B—RHHFHIMEN 190 2 KBEINSRE L HIER,
SMIE 100 2KEEMIR , BEN 100 2 KENARELT RN 250 2K EHKE
BRR, BRAEANIIEXANFBEESNTSHBASEAMENR, WHERHE
Z 02, %2053, Zi1tH, ZIMEMTHEEA 56%,

(2) BAXI

F—NHEHFIEXAERXRE, BEH BT, WELMAMNTEARX, BF
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E—RNHBPEFTHRNIE BMAR Z “ B R AR, FBHERF AR
AfUAE, HEIWER 65%, TUAMERTERFERL. FRDEYHRKEE,
REYRLRE. BFRARER. SEMENER., LEREIZTNEETER
REREANER, BEEERENFHNARTREIR, DESHRERN IMEEHER
SR R EIR AL,

(4) BREBERSE

ATRIESIREDESIHET, ATHRETR, F-AHHAHRE 7T
ENEREERE, BREAKABREEALE. SERBEHRSE. BRAZERE
EHARGE, HBERENE SRR NYLEER . KRR DR HIREER (W
BAfheRubiRf, BYRRmKEERATRE)  AKEERNTBHEERK
K. FACRAK, FREHEKE  IEAN PFEMHTER, 8RENET
B TR RES,

6. ZEREHEEERME

(1) 2un/zEEERE

RS BAMNE, FRIBEEE, REDULAESER, NI WA, i,
ASEHAII R ERIR. JUFERXSI#HZ RILAMRS AT HTY L SERERE,
BEAURARIEL . BRI, SIvERRERSRNAS 8. BEEL
TR ERE, HRWEKE, RELENE, BMXBLTAETH, HERE,
RO NFIPIAR

BREREE, HIPRRER, BUPRAFBEGEY, LFERXEEREE
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BOREIERT, N AREES . REEREERFNREAK, B, BRI KE.
FIRERLRBRRETER®ITIHEN, SitHE, SWHARIER, MUAEESR
WHTRREB, ZETRERD, EREMNEENARITRR. BiiRXEFREE
AGOLUEHKERE, BB, TREEANAZEXETRRKERSIENRES
TR A

SR

1L TUE REZEERNBNCERAMR —KEZAEFREE—
Kbk 1] EE 5B ,2017(36):69.

2. R BEASKRENKREAN—UTZAFHIHRX AF [C. PELA
TIRFSKTIIVHEHKERS 2EHIKERS 2012 FF2EXE TELAT
BHELKTWHEHKERS  FE T A TESFS 2012:149-155.

3. 8% EX UM RERRFBHFR—MURZAFIEEREK A E ().
R 2017(12):25-29.

4. 3K F5R . AKX SREREHEIREEBEN R D] KEAZ 2018

5.\ % B4 TEURSLARREMRFE—REBRIZFRENL ).
#EREE 2016(07).20-25.

6. MIFIE KR, KLLK 4w AREREREREEANILESEE—MUX
BRI RRX A6 ). BIEREHE ,2019(08):39-44.
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WiT. ZBER. ERTAETHE, 27 7 REREI KNS USSR,
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ANIRF B TERsRX AFEBNL . THEREMNB. REBRAEER
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RAPURIE M T AR BES
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BB A SHIER AR AESRFIRSEENITIR, AMENRARINRE
ASENME. A, SRPESHIESEFTRA. @70, RS 5HMR
RORFAETER, afErslERN SBERDUARI A SIERPFIE R, SOFRMTIL
MAETSIMERIERBI P FHER.

A 75FME  (Eco-compensation) @2 IARIPAI T FFEEHM A SR ER S A BB
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MR R TR BB A E 2 HE. XA AESAMEIE N R AR SRS
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—RIVENREIR ) T XHESAMENE K BIFN AR R ML LB SHX
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DRI ARRMASERE, AEERE. THAREARREHREMRTER, ZX
BAMEEESSRNEHEENNTHRE TS | EAMNERET AR
R BANEEAITEMRM T B RIS, MG B A SRR K EUR BRI AT
(Michelle Williams) &7, BREBENENTRNSEEN, WA BE. A5
HAFEEERNZM, BHKZNZAIEESR AR IR X LR mrEE
RE HTEENZFRRARER.
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&b R S 7E 2002 Fi& 7 7 BA0h 1200 AETT (44 7800 F ARM) MEE
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BEARRZNINER A E N, TERETHNRE S 55T, CRF AT S,
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T, BABEAMAREIRS), MmEEHAAE NI ERIRS S B AR,
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. WESIERNBRREMAE, FERR DA RRHEBI TR R L.

2-1-1 RSN T BURBTIMAHT X s8R AE (DEF)  (EDR © https//green.

harvard.edu/news/highly-efficient-energy-system-power-harvards-allston-campus)
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(BUERIE © Harvard's Sustainability Data https://report.green.harvard.edu/)

F Zipcar REHZSRAR, BXF 13 MAE 250 THBETENEE B 1TEL.
ZAUBUR AR AR I A, 85% BYGIFT / BURETH (Cambridg/Allston) i ) & A1
81% FUBAAIE (Longwood) BENE(E A I HEipIzB TRk L,

(5) TEPS{HAY 327 3MER, WBMEFHA TEYME, IBHEDREINE,
2 N2 100% BEIAE . =F, FRENEERER T 5 TR K LT 7 2k,
BIRZE—MBREBRREN NRE), BER/ ICHIMN 65 KR/ IIE (45275
FR/F) RAB8LER/IE (BB 345 FK/FH) |, FFERS T JLIE 25%.

(6) B 2006 FUk, WBH—BEEL DD ABNER, BHXZERRS O
(HUDS) MZEIhE (BEHEPEE. MEEARANGHESR) Bid Y IEE
FIEmREEBTENRERBEFERE M,

3. ZEHH

[1] Harvard's Climate Action https://green.harvard.edu/campaign/harvards-
climate-action-plan

[2] Harvard's Sustainability Data http://report.green.harvard.edu/

[3] Harvard’s 2016 Sustainability Report https://green.harvard.edu/news/harvards-
2016-sustainability-report
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TNEEE) DBTENR RS ERENA B, Ao A DUXF T R it
REEBAMEF T BAGERERAUE ©°, RIUERE R — B RS AH.

“f KREANBRHRGERTHAERETEMEN, TEB, BAMEY., SBNEY.
O WAL URME A BUE (renewable energy credits (RECs) | R[4 BEIRK M EREFCMBERT,
EEWHITEARREEECEEN, 3R T HA QG TR EESERK,



| 042 | EREHMRERGIES

2-2-1 ZRENRYE (EJR © https://sustainability.duke.edu/offsets/projects/Irf)
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@ BAM=IE S 1ENL S
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TR B ZRF M T RAFRHRAME, MZIE AN E B4 RER (REC)
HEEMTREZTT TIBE AN, FENBNIHEZERBEMEIFASEER,
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460 £7T, NHE 453 TRIBASEE 3000 TART)
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=, FT 2015 FLm (HmHRlilER)  TIIEEER
INETT IR ARFRAE, oy BRI E A& 5%,

@ R

MERFZNEHENGRAEINEEZBHE  RmAME
Flzm. 55, EALH. 2HER. B EEE5RIE,

ZNEN T W BN Ear BB R R EMEFE R
S8, MBETERE XRENLFZadilE  WAoRPES
KA FE . EEHARBUSIERIRMAK. REIIFAENE

NHMEHARY ., BESENNEMNE, WITMAFEER, EENFEMTX
MARHMHEENSESERERSIE, HEARNERRS.

EHAMRERABENSE, ZHXNRBEEEFN L. MR BEGEH. X
£ MR, mERASEAMHREPHER, REHENS A ERBGEE R,
MEZEARZNEBILIFINEERITRIN, REFCIHIIERZHIER6 D
RARNREHE, TIERIAFREN.
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New York City, NY

Durham

Greensbor
I Wilsan

Charlotte
Tempe, AZ Fayetteville

2-2-2 2016 5 2017 7 DCOI FYERTIE . HHP R EIL R T KM
(B8 : https://sustainability.duke.edu/offsets/projects/forestry)

RS RY., BESENNEMNE, WITDIABSEERE, EEAF4EM
HEARMEENSEEERSIE, AELARNERR.

HEHRAMRERAENTE, ZHXNREEEFN L. MR BEGEH. =X
F. WERE. mERASELAMHREPHER, REBENS A ERBEER .
MEZEARZNEBILIFINEERITRIEN, REEICIHRIERZHIER6 D
ARNREHE, TIERFEEN.

@ TuE Aist
DCOI S FMRMM IR, FERT, BEKRFR, MHTRKFNFLUZRE
1B, HIERTRGMN, TRRIMAINALNGMNREFRT 7 ML RTIE, 2

2017 |, (AHMLIESR) BMAEBIT 6,400 AR, DCOI Emt i & AR
EMAFFEMIAFRIGER Y T BEEIN, F5 Delta &F, T&F - HZEH S
(Raleigh-Durham) #4877 1,000 Z 1344,
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[1]DUKE Campus Farm https://sustainability.duke.edu/
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Bk, B, AGRRNBRENHEEE, BEXTN T FRESRFRS
NEEHHL. . TEUBRNGEESME, FWES 7 RIPEAME. FF
KEAME BEMMEITHER, KA T REAEES. RAE. £A5R
PHRMEES R, WIS BT + i MR TF RS RS, FX L, ASAMEE
A—DIHERELEE MAENTIESATIHEN, HEE R SFHA. Hh, B
METHEEIRSENRE, URLETHUAEENEMIEE BRI ESME
HERIRAMED. IEHRY. MR RFULENTHEL, R 7 HEIRZE. KK
RHE. BEREER. BN, M2 SKERES. BFHEER S MEME"
AMUAHZ AR T NFE ATeIERE, A BERHERME 7B+ T
+' R RS

RIFER : %R, PEARFABRLFARRAEERERRAEAK
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Chapter
Energy Saving and Low Carbon Design and Transformation
of Single Building

EEREMENLRSY K, RISt ESERES. Fit, 87T,
BEMEANEEw AMRNELRINANERE. TARE, RSEEERRE, EM
RV ENRGNER, RIEBNNTFE. EUSBRINE, b 7 &SRt TE
IHERBUE SFERIRITANEKR BAR, BIL T RELFHN. TREMBIRIITERE.

PN 21 L2 RIR, FEENARIRNE, ARREBARTT. EIINIAMINEER
e, AEVMBERNEES BEE, 12015 F (FEERDEFELRMERSE)
Zit, 2013 FRMSHMEFEIAT 75612, A 2ERBERSEN 1954, A
MR REEBEERNEZRAR, BRANEEZI IS MBI ERR T RESE
AR, fedtthiETee. Bl MR ERAERN . EREMNTEEIER
WEEMEBBTE. QKK AL ER2R. EM5u8. BIEE, ZRES.
EE EEEANKUE BT/ \ T T,

ETRRMEEAITOH RN T URA—EPEREERNMIZTENER
BINEALGF, B LRI LT A E RPN P RN, R SE T
FERRAHEAITNERRARERBERMEITEE, 01 XEZXERRERAZHE
SHEBRIMAERITITA ARG, RENTFNER. BARTFMER. RAF LT
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MAERDUERFEN (FEEFIFNIE) &AL IHNER T RN T TUENER.
AN ERE T ERENN (BREFIMRBEAIRE) .

AEARETEBI N AEVMERFTRCEIEHT KD EENE, BFEF I
FEOFIEETRZE (NTU) o WRERAZE. FEE/RTARE (UNSW). RFIEEE T
A% (UBC). [EIFAZE. MAE I (MIT) RESRAZFE,

1

MIEASHEEALBMKEREASENRBIER, FEEULLE
ZERFEAZBREARBMMEENNTERE, IR FETIRPERTEE
Wﬁ%?ﬁ MU DA E, R EHNBNARRS [ERNEE
DT SIERERER, AR T DRERHIRIR.

1. HEER
FREAREEH I T 2005 FHBETHNE R TR X EFENEEEFIT
MR, BTN TRATERNEZNEEREERNEEINERS. Zi0E
FAEILEHRSIET R, EﬁMﬁrzﬁmaEmlhﬁr(a%¢l)'EI%M
THE. PR RERP. ENNRERE. HOZEOH AT BN BRI TLR
ST
FFIE T RZERAFTINESREFCRERZATLF . BEERTZENES
RECEFE, PRAE TR M EELHF WAE SERLA, BIUHRE 2020
FRREFEIBARG A 2011 FE7KFHY 65%, FREBMFHEA . Frgs. Ffel, HL1
ZEREBRANE, FH5ERMBEVEREEIE, FESTEERENGZE
REMEARERNETER, 8FEEENT. BF IF#% \ﬂ%%\ﬁ%%%\
TBRG . KRBT ELIE, HeeEW. T B4R LRI . B0,
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AERSWF AL ETNER, ERE—LIREVEE, THEZELENHK
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m (A& 750 AT ART) MBS, ERNEEARTE B th &R IT R RIETERE
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1 FEBE T KRB AUAREMER

R TIREAREHELRELA (Mass Engineered Timber, &%k MET) 20354214
ERLERNBRMAZ —, HESMKESRME, TARRAMEPREERD, mAK
BRETESFNA, SREIAL, MET BITEE, B 7 HEREMRHNE X,
HABIE (The Wave) EFT NI 2RI E-NK A MET A FZAMRIAIR TR,
F 2017 F 4 BHENAER (WE 3-1-1) . BRXATEMERR MET: 72 KKEE
B 8 S8 K H AL I AR B EARE A K (Glued Laminated Timber, &%}
Glulam) ; BER. A= WS F B IEXRKRE A ( Cross Laminated Timber {8 #7
CLT) » METISIEMNA 11 BRI AT ( WRXK MG E W EEE L2454,

B 3-1-1 AR BEAGHETIRF (BR  FISEFHETMEEREZRHAR)
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E3-1-2 R0 ERAE
(BB Fhiii SSHE VIS EREZETR)

MFTE60 ~ 80BN LA ), BREMUEE THRBILERT AT T 33%. B
THEEIENMRINAR, NTUSRSAEHFRINPHET MET | B4 6 EEERERYN
42000 75 KB FHF A4k ( Academic Building South) ¥4 2021 32 T, ERIEAL
A MNERIRGEHERZ —

2. BT RBZZEIH0
Z3H0 (The Hive) Bk KH AR ESEESEAMXER, B bURD
@ﬁﬁ&&mt%mmmg,Rﬁﬂ?%“k&ﬁ@m&ﬂmﬁﬁ,EﬁM%Q%
BAREASENTIE. RETRHNEZSZEFHEEH B BEEHESEE
@ )3 — $METE%LHﬂ% RIERGEB R EN T REERAREENEL
B, RogFrEkmmRkiys (B 3-1-2) .

CHR, BYREAES, EREVRAER, AZARSENNTTW KRR,
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A, BENTELIBABARNER, SIF 055 MIREXRAR
RBRINWBIRBRABLE SR, RIEFREEMEGNTFEE  BUS T XHLA
HEGIRKE, HERKEEA K, B AMINSHEESENGH (B 3-1-3) .
BRAE M TRE 30%, 5 FRETUTEFMN I BEAT (NETARMSBEAT) -

SR

X5 BER BF FHNESEEENEMECRERZEFR D BRD
82 2019,47(07):52-59+88.

2] 5%, HEE, BF  ME M 5EFERAZRNE R ERR LT RIEH
F—PURHM X K2 F A B (). B EIR 2019,16(01):113-119.

E3-1-3FIEBBNANHZEANR R (BR IS EHETMEEREREMR)
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A, BBEEEEN., RENERA 9721 F X, IHERM LR 8BNS
EA239K, FEALERENMRE, AXREAMLE2E, B EEEH 134X,
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DHREHRRBTEZNTTH R R ECRALERERGEA.
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Ru-FE, ETHEERS, ﬁ.)ﬂﬂ‘ﬁ%ﬁiﬂ EERREHEEEARATHEA,
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FIHEERIF A KL (Tyree Energy Technologies Building, TETB) IA#Frm /R +K
HRA. MINAEIEE. BAMEARFTY TRMABMANTIEAETFERE =
FME L (Sir William Tyree) MRFar®, BR% 20183 TRHELRE—Z1ERR
WTIE T (Randwick City Urban Design Awards) (2013 FEEFE& A G S R E=4,
AE 2013 BXEERNEHE, HRERRFINTEZEERNER=MARN 6 EZE
WITER,

(BVR  BREEERELRBRESHR—ULRBRKNZH LI EZEEAF)
3-3-1 FEE/R T AERmHEEBREFEAKRE (BUE | https//fimtstudio.com/projects/
tyree-energy-technologies-building/)
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FEIX AR 16000 T KRR, IRLBR =L 5 2 BNERNER (UFA) *HmS 2 —,
R R ER B A BESEIAGT I, ENRFERANE N SEEBEEREEX.
TETB fIRE LT FIBATHER, F, BRARE=RXBRSE. 1100 FH5KER
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BARBRIEE, UEERATRSE (BFATHAEHR., BRESEENINES
DS THRNEE)
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K (EEdbkrst) | B % q R oA E R
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AIAEIR 7K. IXFE TETB R A F AT . LW = AKMELLSHNREN S, B
RN 7K FDR 288 Bt F F K B3R =R B &K E

(8) AKGE—BNERNEFERT BKEE, BRELKNMERE., ZREZN
RABEREETI Muller 3C R HIBIRME, AHIBERIKERR B RAMIERIH TKFRK,
ZRHAB AR S RIRF A TR S A =K ITE L

SHETRL
[1]https://www.engineering.unsw.edu.au/about-us/facilities/tyree-energy-
technologies-building-tetb-facilities
[2]Burgun F, Bilbao J, Sproul A, et al. FIRST ENERGY PERFORMANCE RESULTS OF A
UNIVERSITY BUILDING AND COMPARISON TO ENVIRONMENTAL RATING SIMULATION
DATA(J]. Innovation, 5: 1.
[3JUNEP, Greening Universities Toolkit: Transforming Universities Into Green and

Sustainable Campuses.
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REIEEE LT R (UBC) RN BAEM DA EREFEBEERK
MRIFRG S MRS, HEEHRIILENK REENERNTRHELREF T,
AR TS EMBEMRFESKIE (AMS Nest) EHZEBER, XLEBRAARK
BETRERFE, AUFLLERME THEFHTE.
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BB ST LT A (UBC) AEARTHT, 2K T% 18 Frft. L5 A
BEE, RABRMIIN BRZZ2RAMRSE @RS T AR ITRSTENBIIRAR T
—MNEERER, KASAOTHRUARMIENBR T BENBE LG RGN
KIRRFR, ZRAMIRSENBANELEE, HELRFENTRITMRE
1, BHEGRASHATBEERRNEMMEENIHSEIRE, Bid T ISO AL,

AEBES T RKFZ—ERNTMEEMZEFEATF, sIMTHEBEILHE
R, MuRHELRMAP OUTHFETHKIREIARIREA, T HFRLRT
RAFDIVAR 200 ASKREAREZR, by AR OB #hIES MR
XUEELRIFRARELEBTENE, LURFTFSEL BRI E—&L. 17
B T AT ERAMFTE—RARERZFERERROEL—DPUR S £
R E PR AR ERHTE 2015 FE. 2020 A0 2050 F43 BRI BREER 33%. 67% 1
100%.

2. BB

1 TR LERFRF O

(1) BRE=

ORFSEERANFONTINERRRSTE, BAFIBIESHEE T K F A ST E"
TSR FNERMEBEZ—, B 2011 F2/AMkK, XAHRFPORS TAEZkRET
AN RZAIFEBUFHEHRNTR TEE, UL ITFSRMLRE N Foy, EKETEM
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ReEtE. ERMHERHY TESNER, BNEET MEMIREZ IR 5P aex
FRSERNEIR, MEKBXARERIR, NFAMZAAFEE LEED A& RINE,
REESERIETRENET, AAHEMIE HEBENFIRT. NAENERE
FFBHELY LEED BERIAUE, A SERIE FOIAUEEEIRF I #1T+,

ZHOBBILEMX ERZENERARS, REFERE. KEB%. 100%
H RSB ERBNEEZ TR, BEMARTFELRIHITHR.
GEHXRBITHNERF O, REZEERIDTINZEE . MEBRUEMKRSS,
FLERAARG2MHBRBRINEAR S RGBS ARMERERNFE, T
ARWERRER. FIEREENEP T HFEERNFTAIR,

(2) RBRR B

D AZHEFE - AReFE”

UBC iz B M eEMERIMNE . #Eh=0IRTTH SRS . LI A A X S0
BIRESEER, KEEREREREATNEN. SRS TE%, RETERR
TREFE, UL B, Fla

FIBAALR RS, 5K E Tintg MRS EFRISEMRE) BRENERTIE
%ﬁﬁt@ﬁ%$@ﬁ%ﬁﬁﬁﬁ%,%ﬁ@LL%%%WﬁE@LH%%ﬁH%
HUO AR BRI

ER, BEAKHRASG, BHRPORRTAENSRIRR R B S5 R L
*# MR D HAAT, BERKEZARENTKET. Bl AMRERHKASE

EAREILRANT, ARRFETXEH L. BYEMESEEMSWERHLE, F
%W%@W?%ﬁgi RGHERER, REEERKETTINALLIE, B
FE RINZ RO Bt AN PRI K BABE A BB EE . FFRAN BT 52
SR BT ANBRAFEENEAIENZE, MU ERZEE .
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SHEETE, KR AMSRRAHNER, BRETSARFE. AETRREBN
mA, XEERER %%iﬁ*m@ Lﬁiﬁw%%ﬁﬁA&Ewﬁlﬁﬁ%
FLBFIA E
@ KRB
BERANAERAKIEERETVE TR AKETHE ., BIBENRE, ¥
EMMARERR, RENGFEHTEXKERN. NKLTHrdRES0E, X
AR BCEIZER
REFLBSFNAARERFEANBUNERENFEKR, NAREABYNEFF
g, ERXRENRE, ERNERMRAONT EFMERITA KR T ERASRD
mWEkﬁMéoﬁ?&ﬁﬁﬁ@ﬂﬁ%%ﬁﬁimﬁ%m NEELELFHMA
EEEMEGFRKENK. BTENFERELNN 1226 2K/ FHK, BRENUK
MK 1000 FF5K, EHE—k2FRENNKETIAZ 1226000 . &R
WX BAEY TR EEITAH 2000 7/ K. KEKREBESEMBE, L0 KB A,
BT (e BABEE)  RERSBRABRESS. BT XEKFREZN,
MTFERXEB T REAY, EFEHRLBYE 57000 FRKHER ARG, BRI TR
BE— 100 2 KRIEKTE, EIIEEXRERINMAK.
@) 5 KE BfEFRK P
ARIE K AAPARE - KEEH RS (Solar Aquatic System) , 53 B RITEH
FEANENEDLIR, ARFEEFK, TEREZMEFRNIAFRKERK, A
EEBET IR AOE B TR A SIER, OhE R NARETER
RGN TER ﬁ@%mﬁiﬁ% o AMINTTRSH . BB HAMATE
BB R ENX—RFEAF. X—HFRNBERA THRFPOTFESENE
DR — KRR

Uk —MRAEEAK, RIEEAATAEEYLBE, HE - EOARER, HRERERER, T
DAHEAT A 25 6 R B9 A
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2. SR (AMS Nest)

(1) BRE=

REVEEFE b K F 4 SR (AMS Nest) HFRIAZR) 25 FEFHER (44523
FEFK) |, FMRITFLEIAE LEED A€, XHRAREMEE. R 10712Ex (D57
ZAR™T) B%4ES 25 A DIALOG and B+H Architects & FriitaEs, BE2HAP
TSR SERKE A XA T — MRE RIS, RIRA SR EE AR,
FREAESSMAT EMBELIREPHRNEAR, ZBVNEGEIRTRNERE T
SHESIFO. REFL, RI T SREREFENS S, B SREIERITE
ST HTHIARAE

(2) 18R

PAE KNI RHEEANBIEASMENEI AR =S BERE, a4
BEFAPHEE BIMAL S A REBAIRE . DIFARMEEEFRENTI . AN ERFREFIRIT
FERIBENBES, WITHRZAERYBA. TEARN, FLETIURERNEEH
T (BUNE . R, BB% ). TEN, BERPEXABH AR, XEFEENER
KRBT EEMEEMBER. B, FESKEANEIDREEME AR E SRR
MIAFmE, FeaA UBC KEH B IR EENKHEERN Y/ NE X —IBAHE. A
BIFRTFTTIFEE  1Z 2 T W AR T EHRIThEE . MPARERE . B TE.
B, SWZE. ZEefNEALEE. XRZMERNEsIHM. Bk TEERERHE
BINE, FASEEBETEENBERNZCBTME. PESRURETERA,

W

SR
1] M AP EEKRER http://arclub.com/article-1736-1.html

2] AERITR https://www.gooood.cn/ams-nest-by-dialog-and-b-h.html
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HRFIRERCET B ERMAZ IR, 7O 7 ERNESESTRERARRITRIF
BINBUERNET, MUBRR TN ERRETDERE, MERE 1 HERF
HINTRERE, REEREN.

1. B SR

ERAERENE—HM TSR, 2007 &, BFKFAEBFRKFE
u&lﬁiﬂ&Lﬁaﬁ ZHLSANT ZERE, ARERR muﬁim\&LﬁL
HHZBTPEDKDAIERE, RETEZFNAR, BE THEMFIMAT,
2, mw&ﬁfﬁ%kﬁz T MBS T B E R Y EMN P LK EZEAR
SELRE, BUEIL/ETREMEIR 65%, mImiBid U ERATAFRER T 50% AYIEEE
PR, 2008 &, REIFRFEMEAEL SN, HNIKRE, BERKFE, RERFE, EX
RFE. LWRBRAKXZNERBE N TR TE— (SEFERPARRERRSER
HEASN)  AHERESEKERE T EEKBRMTHNA. BF, RFAER
T S RRETEREFLSEER (CEMS). BRSNS &L MMM,
2009 FF, HERIFAFHBER, FEFMYSHWEEET T HETLERENTIE
W, R T T %ﬂ&liumﬁﬁ%omnﬁ-Eﬁﬁ%ﬁﬂ9%%& Ekolhva
T HEZEARZRE, HEZXENFS5ZLXEGRSVNHETLETANZE, BF
SEHENNEIKRSIEL SN, B TL, aﬁk%ﬁamﬁﬁéw%ﬁ$ﬁ%éi
%immm AT ZEERN.

TRFRRD G ERIE TR E R T H TR B AR SIRS A,
b I% B EERER, WESH, EENMUEAPETRE. £FEEHT

" http. //photo. tongji.edu.cn/index/zttp,/xyjz1 /wyl htm
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1135 2K, HP 50 £S5 AHE=E 9 ARa (6, FEFHEKEN 110 X,
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(1) mEES

A= T EFAFRESOREEET 1953 £, REMETDA 5500 EX, H
HBzHXE (FEGARER. EALEE. YEEEFE) #HEAZUWRE
XERTEFENZEZ(E, 1993 FXZBKE FEERESUFTEROUER",
1994 FEFH _EiEHTHRRIFER, 1999 F 10 BAEFHE 50 £ /82 MR,
2005 K, FRIERNREN OEBHITHIE . BIFALSEBEDERATREE,
ZAEREFTNERDERAR, B —ERETHREARE,

Solar

Winter 1 TRl PR BRI Bl | MMMV . cooling
Summeré ™ va,vv Bl hud RdBad Baf bt bl =
Transitional \:' \' = \T \/ v it v ol Yat | —
Energy piles
& 3-5-2 L BYPYIE—A LA | PERTHEZERD R B HIRARMNES

MIEAR | ZAEBS - 300 AIRETRAKRMEEE (REAR) RUHRREAR (B
BHEREESEERN) (BJE  https//www.tu-braunschweig.de/igs/publikation/
buecher)
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(2) BERS—EBFITHMEREAR
SORBBRYEMFAMEAT AT, BRYEEM TRHRIERIMNE. BAER
NEEEBRNEFESEROREMERK. XAPLDBRGREERAFFTERK
AR & L5 (E, RGBT SO P eedugmit. /B4 LB RARFER,
SO BRSSP T HE S EHMRERETE., ARNSTIIFNARERR T,
REARNEHNEX AR EFNHARS ., BN HBRTUARELS A=
NI - PERITAHE. 300 A IRETH 4 4 160 AMEEHE . Z5RRTImE A
RIE =B ITHEE D BT 7 SEIR(E AT © F (8BTS = &40 K BB AR FI
BT MIN , 300 AIRETRKARIIEENESIVARIIRMBE | 4 D 160 AMEEH
=X ABARE (SR ) R AR
(3) HARNA
2007 EXORBHHETE Rz B TEFZMEETREAR | #HERARER. B
SWERFR AT, PRI DA, REETERSE. FEMARRERR.
EB#EE. TeERERS. SRR RRAS. MAKKERS . KFBEERKRS,
X B FENBREORE. S8R N EATERITIUEN —RT B AR RS
BRREA (BlntH, #HTRAK, KEESHS) .
<Dﬁfﬂﬁ&ﬁ
=R ERTHNHERS KA TEEARNES BTHEA, TER
%E%%Eﬂ%Tim%Z%E BTN AR, KT TR AR
EH=ERXE, Eﬁﬁﬁmmﬁgﬁmﬂiﬁﬁ THBRAR RGBT
AENEME, BEFNDRARZN L2 ~ 14, BPHADRRK, E2EETHRASKH
1/3 ; Ix%ﬁﬂﬁm&ﬂ oM, TSN, BREMIET,
@ “REINER G AT
%oAmiFEEx%% KN ERIHIER, ﬁ%ﬁﬁ RN, EARRBREH
ARG SRABRERAX —ERENEBRANBTERE ARS8, XTHEANERE
BREFYNE %EK%%%%%W¢#$ﬁﬁmﬁﬂirmLa RETRBHZS
FAFFIR, BITEREN, BALENFEEERERERR. RELNVIREHRERE
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3-5-3 300 ARE/T SR TS AEEE
(BB : https://www.tu-braunschweig.de/igs/publikation/buecher)

S&MBRITE GRS (GEHPS), RS L shiL 3K sh V8 Ze 11 LI $172 S H#,
EFIB T ZSRIRFGAZ] T BRITER

Q@ “RBEERR T NEA TR

SRBAR N 2 UREERAE, FTIASGET B ME £ X E N IMERRIERER
HRSEARENEEN. BTXRERRIMER, FTEERREERBHIMNIER
%, B RAST N T EWBAEASNZUET ., mAEME, ERRIERE
N AR A T ARIR MBS BT AT PURY 481 XPS A8 ¥ AR BUREMRIBMAL ¥ (X
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MRBMIETEXBABER SN EABRZERAT TER) . BERERP. EXk
BSER T INBEIFEE R RIPIE B ERGE R, IMEEREEEM 24W/m2. K B E
0.77W/m2.K, /NFIATTRERITFREZ KA 1L.OW/m2K, E/RENRESMURE.
k5. EEMITEREABRERBNROMHRNELT, BERNZOEEIN
HTHER AT ROUBGRE BB RSN, B3t EBA A 7 Bk
SEAEVENANE, EREMAREME, FRANERAEZHE, FEATEDERE
WRERRS, B ESHEXBAZRAR, B KARES,

& 3-5-4 EAEERBLE
(BB - https://www.tu-braunschweig.de/igs/publikation/buecher)

P REMH PR) ZERARES S B AN RN —HAAAETFREARELLSHETHRAN.
PUR 4| o 0~ Ay ] o A dE OB R WA K, KOBS BRI, B, PR PREREHR, A
HaERa, aRl, eREE, BREMBMLES, PRAHERLR, RS2, flEMHES
Hep A PR EREH G AERAN)Z,

YRGB ROR AR (AR XPS), XPS RLAT e Kby M TLMEH A, SR AL XPS AUATAR MK
WRAMK OLFAREA) . BHREREK, BERE., il (E¥EALFELLIBIAL) .
YORRAESR, ARAREBAERREARS RN EFEERRRLAREHERRT AL, ARE
BepMEEERrmzZRTHRRE. 55, RES, HFAETEREES, v mERERR.
BORIRE N 20 1 B BEX T —RBIR AR AR A ERILL.

YRR R R RKRRERE (DA MR RV AREEREGT, GRS SBEH KO C)H,
BAe AR ECF TR EREREENRE , AW/ MK, BERRAKREET HRA A
AMERRFAUERAREENS ., CRETHERERANKIEE, AHARAIFERRK
WD AR B R, TR,



| 070 |  EIRKERREZEFIL
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X NENE T, TERBARSEANLI T TARAASR, BE5THET
Jewit. BAEFBTELKL P BRTHEMNMAEPHRR ST LERLT , SBES
LT EERAANLEMZBEERER , LSRR (LED) fﬁﬁ?a&’l‘iﬁgﬁﬂ
NE2RBBEEmME=E, B, SalzA T, 49 FEREEREN T EERE,
WMT PEERAE. SORERE A 7 HERHE AR T T AR XK ERLT IR, ﬁMT
TR B AR, BUEKE, ERENTENEREmEK T —F, F
BPHET 33 MBI,

B B E R B A4 (BAS: Building Automation System)

FHNEREHRRERA DRIV ENBYFE. IBES55%. 8. KT,
APERFEECEFHEHRRRESGRG, REMTESRIEE A F BRI B3
TR, e, HAP 300 ERETERLIISELENR. BEALRSRKIBAD IR
BEITTE, MIMIRHIHMAEE | RI\EXNEEME BRI, BREH * B4
ER@EIIA/N, NZFBMRETHNRE | BNARBEN A ZSARARENE
SNZERIATRNE, HRIFEGEINAFRNZITRSMRSEE. KREREZ

BEEMAAERN=ERZS, =EARNIASRERN SN IRETENEED . X

FIRIEIHN SR . FASHERTRUETINAS, ABRWT 7 REKHNE, 3
HEENERERRHE T HFENXRIIE.

© HfhHA

BrIAE LR AIN BRI, SOEERER G SR A T RS MR,
EEE. XAELXBHIMKKESER, TUTTIAZEREELE T EE 65%.

©OREAL ORI (CFL) A 86T, R H ATBUR AR B ORI

TEREAARETRTERT. BEMIISRE G MAITH G, BRERERE. FhK.
TEMBNEEBENASML, BREHAREREWERRTAANAAR, —MARERT, BHK
HAEEREEEE, B ANRRAES, SR ERE T, B EBEERE R STHA,
EE BN TR, BRI R X WA B A R T R B B R AR A B W
HBR.
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Buiding control system

Radiation LON-WORKS/EIB
sensor
W/m?2
" n . ol I
I Cooling/heating ceiling . Cooling/h ceiling
Window - ' [ [t —_— <

contact | Daylight sensor Daylight sensor Retum air

Sunshading
device Artificial light

" o S == ! Supply air 'z
L T
l J L —A
L L

3-5-5 HERHAREH HIEA
(EIR - https://www.tu-braunschweig.de/igs/publikation/buecher)
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[1] WEwFs . HEFERE KEIMEFE—F I PESERFEAR B [
FRZECERSHERMR P OFESE FMER T AT ] EixAH 2015(24).13-
15+19.

(2] B REPAORKRERELRE  XZE—HRBRAESIE 1] 8RR
$7,2009(10):26.

BIEHRE . & B RFERSH AL F
AE. DR @I/\ffﬁ[] 2R Uﬁ %4 ,2012,(5):92-93,123.

[4] &8 BR/h S8 Bife th3Rm B FTRFORE R
REVESTEH D). #ixF ,2007(06):30-31.

[5] #3240 . P RIPERIVAE S D RESEHT
&R, ,2007(08):16-17.

[6] Wenyuang Building,College of Architecture and Urban Planning, Tongji
University, Shanghai, China (https://www.tu-braunschweig.de/igs/publikation/

/v—H—Ab

B K On i RE T2 ) D). 3

buecher)
7] BRI RATESUOMNEM RS ). IS, 2014(4):81-87.
[8]http://vvvvvv.archma.com/mdex.php?g:vvorks&m:index&a:shovv&id:4764
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6 David H. Koch

3-6-1 MBEE TSR BELSEMRAT (B | https//www.nyp.org/locations/
david-h-koch-center/sustainability-practices-at-dhk-center)



SERMHBAREERGIESR | 073 |

1. MR

David H. Koch BEGZ AR AMUEMREE LS
FRE—NSREEIFHNETRERMIEIINES
RE, mEhEERESIARRIT (LEED) U A E —
NI ES NI R SR =R

7L LEED € X ME R, BN S UFLEFNRITITER
MR RMZRFERE, 2EERFEMHVAC R
g HNRIT, FTBXLEINE RN T —RAREIRME
Bt. BFX L, HBERBEETISZRRBARSE LTE/NHE
BARREZHERE XEERAKBE TEZLER
RIBRTHER". L iE—F 88, W5 ATE 2k 357000 F
FERR (A6 33166 FI7K) MEMSEBIT 25 Pk
LREMBAE TR ARF BRIERRE, BET
tEFutEDREEE | TRIPHOTBSSIERRA 146 L
H/EAER (AE162 LEF/FHK) |, MEXLEA
38R/ FHER (A& 2R/ FEFX) | ERA
MEFE, ZANKRETHAZIE/NT 35000 8 (X5
15876 H) |, MSEBRZAAIME L NS/ N 20000 55 (£
FOM) | IZBINAIERARHFKLLR L Z 2354 KK,
i TR IFFUNEIZ 3350 I, S5HrERLIS =R AL
HELE, 1ZERAERERERT T 30% AL,

* HVAC £ Heating, Ventilation and Air Conditioning W& X4 5, # £
ARG AT
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HAROAMAFR, IZZ2HAEBNA R,

2. AT RS HUR T

(1) ®A

BRERFRABNEEZRRERERR. HP—PRERE &KL 100 MEX,
1B, XLBRETUIEZTEAZTEMNFARARIE W E X, BREITEARRE
THEMRALDPBRERMZEHBERLT, RIELHAEE,

REBRENIVESTRE B85 100 ER (HU4530K) . MEER
ARG TR/NARY, BARASRREEIH0ER (NE 24 X) BYARLZERE
JEENEN, TEEENIENESE, AMRENRESENR P ZL T
5k, AIhithiE R 7T XUIE ©C ERRESAR THEABEE N, NRLETOERMA
B, BNERNTAER, BRETLUSFSEHTEE, DRARIERHFTERER.

TRNARLDBIERBF AN A — X AERBE T X RS EEX—H
FARAIMDAENZRINEFHATEREXFABRE, IHETRBEENITY
FEREEENERSER, 887 LN =D EESIZITATE. TRENHBE
+E, BRESEEAE—AETE, XHETEMNSITUNSELHEBEMEE
HH, A EIETIRA T .

(2) HRHA

FiEE, REEBEIXRAKERE— ARG, XESERITNEEE
— MEYTERBFR—145 R (DB 4 K) F—EHEMFORED, URAR
b F) AR B KPR EFNE, Xt B EERR T AR T &m LT A fE
A—RAEZRNBNKE. THR/NAKRKB T —FRICKE | B K FERM
TZRBBAER FEI D BN RTR £, BHBEIHTAERND(E, B3 BT FIRB.

YR, ERARAEZ—. KTEE. FTEENDRANE L.
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M XTI RARFE RAREHIZ AT BEARBAIRE, W XA T REFTRE
TR E—EBRDNE SWENREEABEFAXFEHNEEEGEIE,
AABE—MRBEBEEVMAL, IAPBERZEEE.

WRAANANBIAR TR, TEFAERHSET (DE127EXK) M8 &~ (4
42032 EX) MEMESHLED R, BARRE., LBE. ZHIREMEEN
NMEBXFBIEARN . AKZHAEZENTE—R, FANRALRERERE., LBE.
M FEIREMBZE RN TENM RS BARENRBERNER, NEFTERFHRN
TR, ArB X RIARSGHH Lutron BRAAZHIEARFIE LR IRH . ZRHRSEER
JeEih. ERAEAASEIR G DME M BEIREAE, A T EERIRIERERD 16%,

W

e
[1] David H. Koch Institute for Integrative Cancer Research, Massachusetts
Institute of Technology, Cambridge, Ma
[2]https://www.nyp.org/locations/david-h-koch-center/sustainability-practices-
at-dhk-center
[3] http://energy.mit.edu/news/turning-green-to-gold/
[4] ISCN, Best Practice in Campus Sustainability, Global University Leaders Forum
(GULF) session of the World Economic Forum Annual Meeting, 2014
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7

RERRZMTRERAMNFTF T, ERREEBRLAEFEHILK. F10,
BZRAZHIERRAAE (Comell University Weill Hall, 4 @RISRAKE) RENE
HEEAIETL. $85E . MUIE . REMKXIEARRAY), RRBIEEIL. SRR RN,
TREMERT K, B —BE8ANR— MR EREFIMAREE RATB AR E ]
Fo B BERRRFMBREFEHAEES 270 2R (8982296 K) |, £ 26 7,
AR ERSRIEES A TR

1. BRARE (EwmRFERAKE)

(1) ERHDR

MIRABLETESRAZFRRX ZHAAN—ARERIFHEEN X
B, S¥REZOXEENJURLERIR RS A9, 93E. TREARMT
BRPLEETEHATEEXAREEKR TEK, AR T S2RE v ALEN
FARAZTRETELZ, (EAGEMHNEREDL, XHEABU—MEEE S8
HWETEAENGR, MITEERBLNE, FENEEERE—H—PEER, K%
ZEEHE (Tower Road) W H BRI — TP ERKREF 5 AFERNAH,

LR, BT RS ROT A B R TX TR R KRNI T ENE T T 2%
FRGERR NI, BRABATEFERSRZE L B SIARTINAE R RIHFE
270 40%, BEEIKE LEED £XRIAUFH 6 BRELWEERZ —,

(2) {KBRR A

@ geIR

EEALMIX RAFPESEMILD AR TR EESRAE

YRR RS ZELRARN , ERAEAFTAOMNAAMBE KRR, RERSEL 4
PEMBERNSETMERAR ., EERERDPERMEHXENARRERAERGNE, IAE
AN EE AR, TeRENREANWEL S E, BXRA LG T %, AAEAXRETENE
W R B A,
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IR 100 & (A 383RINE) ML, FTDIRE T MEBEBEIIHRIPER BB |
SME I IBAT A INA R TARBIAN, STERBRE | ZRRPEBRBIMNES W45
BRI, SMENERERSEMSZANBREE SRR AREMRESEREER
ME,

WERIREWEEEEM, BEMTRELIRLET 15 TR (446 K) 4,
ATFEFBHEE, FHBEX Y ARG RAFEATSNR, EERRENEE
B RERRR B O UL IR R, RIERNRDFE—LNE L, BRADAE
MO SENFEE  INMEMEFSREEMEER 7L NEP, SARERD
THREEN  AETE, TEFS0ER (A420K) SHRE, BRISBAAN
BRRMN,, XL BB AR FERAE S TFE.

BN, BRESIATHEDE., BRSSP AKRAFIHEM R EEZEERK
R, TTHEL 30% FUEERBFE, BI/OHIR 26% —H Wik,

@ BEIKF

BRABLRETH TRKEEMOERS, DRIPF-RBRDTE255%, B,
BIEEASMUTEMMRAK® BRRS, SIOERRAL, BRASHERERD T
40% M _E, XSS aE /DB 6000 MEAEE SIAEHE

@ BFRLF

FROR RAEHE THA (8] oA O R R 65% L B mEl, BN LENAM=RE
60% I Sk B RMEEZ RSNERRN, MBEFEANAEBRE. BHA . HEH
A VOC ZEERM. XY MRIFEEARIUESEMNE,

@ BTN

ZERMABLENZER FFEAMYF, ERREFAANZEER,

Y M RERAL WARERRN, WRELEARS HERD" EREH (H) A, HFRE
Rl b o R (B % B R T A& A oS B R f 7]y sh i B B R A, B sl AL E AR
EWEZSNNAEZA R AE, NTIEEMTERAEAENEN.

U ORAKE A B E A TE BT A R K, B AR BT A T A (B,
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REEBHTRE[PS RPN —E MR, R UHENAHNRENRE, EEMNKER.
ZF AW ER S, 40000 1€ (WA 15 A WAMETIEAREEIZNN
W, ABWIEMIFRAAK, BHERNAN. BB, SERRMAEL, S
BB R BMPOKEINRFFERRNNEAR LD 7 41% DLE, BIEE 450,000 e (4
& 1703 FF) .

2. AR BEE
(1) ZEHRHR
RERBERXKHEHAEES 270 RR (L982:K) , 26 &, HRHF L
ol DA%, 25Kt ENREATEETNNENAGABRT, M
FERBHoRHE, HPEFEER. KE. RE. AEU. ¥ah=\ KBEEF A
WRRFMERHRE, BER/NHNEERE—FHSRFER 5 BRNELLE, KR
BRTXEXEEEFFLNERE. ATEERNEERRE ERJLFAEBIK
D, Mmth T UREZHEERL. BTXBETAYNNTRRE, CEXRGER T
70% ~ 90%, —EEORHE & {ER 882 A, T FRhAE 5,300 EHIA,
(2) 1R8N
TERG
REFRRERRENABEERE TEG RAR EANEEERASZ SHE
RS 12 TR (41 3.62K) T8 36 R (9 11K) , W BLEEARY 11 & <7 (8933 K)
BH 3 BHBE. SEERHAGINEIHEERTS, ZAZEFTREERMES
FhE RS LE RS I BINSR 7 AT A M . A RS RBEER XK X EE w7,

" V0C B K M A LA A (volatile organic compounds) #yBE X4 E, Y E X E# VOC g RAEE LA
M, ERFREX LW R RFERG — KBRS, HaFERFNH—KELEANS.
U AR RS ZALRARN , ERAEATAOMNAAMBE KRR, RER DAL %
PEMBERNSETMERAR ., EERERDPERMEHXENARRERAERGNE, IAE
AN EE AR, TeRENREANWEL S E, BXRA LG T %, AAEAXRETENE
W R B A,
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USRI FHES S R/ N R EtES ML 2 ETET, SHRNMRSBIEEH
FHENTR, R 7 IEAZEFLENRFEBR. 5—Rf5ENERTREHZ,
FTB 352 NEEEE B EE WA TUMFEE T SBNATL, NS (8 B AR R EEE AN
REFEE, BRILSTHBUENEMERSGREZ, o L EREZRYNL. RE
AR RERDH IR BET B TREMRIL AR ENE AINBEE,
AFBRRG TR,

RIBFIT, B RBAERRE SN ESEFAREL TN 4.75KBTU, B8
X 5.3KBTU, K FAEIREATE 38.1KBTU,

QEFAFIRETHR S

RERBERX WA ESEREELTHARFRE (variable refrigerant flow

system, VRF) ZAFR%, VRF RGREETEE. iTE. BRFREEZES, TR
ZMENETERNETERE, FIRMIIMITIE, FINERETMHILE, X
KB AL, & F BT DR ET, s8R EREFE AR ARTHFE K.

S

1) REFERAFRAAYE ERNERAKY) BEE BERAUAS
S

2) BERASRERE ERBBOEHRTEE SRE

[3] https:.//www.greenroofs.com/projects/cornell-university-weill-hall/

H

[4] https://sustainablecampus.cornell.edu/campus-initiatives/buildings-
energy/green-buildings/weill-cornell-medical-college-qgatar

[5] iarch.cn/thread-37046-1-1.html

[6] http://blog.joylinkspace.com/khsxzknedxmestdt.html

CBTURAEA, RE, XFEKRAN—MHUERENEML, FT IHAAREAT | IEHAE
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BIERFRER , UEEEH

AR PBAETFRERARZARFEY —
j(%\ PAEHEFEAER (HFFT-HERERE) NEFmH. AHRIEEHRIE

W& 3{LETEBLEREZEER N TALERF AHRFFME . BFuki FEEXR
%—E’\JEP/ME%, HEEBERFERFRRK. EHRENERNEBAZ—F
B 51452 (Robert AM. Stern) HIERFFFRIT. BELEEFREIR 24000 F 772K,
XAERAHE, AEREA, ARAEEGHAOT HFAAER. Jf%*?—f,\%ﬁ%i)d\j, 4
Bt R D RIS A IR, SFREGEANE S REERINERNIEHT T4
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B ERIAXEBFIEANEREFEZIANBRZTERENESL, KIE
ERFHFHRERFENRNIES, ARAERSHNEFLTREMES S RN
B F ARG

AREFHERRFIBELUKBUW PSS 5ES,

1. Bt

HUERPEREEABINEITIRAZNFEENFERENRE, TEATTRE.
MAKRE. ZEPESHTHEY 7HRMMENELX, AkEHREMREFTH
SERFELERNEIMEERE, BIEEETFEETYS BMS) M REER
% (EMS)", BBIRNBENENEN, LB R CSLE T seR KNFNE 1L,

RERAERTEEERBARENNELERMIKT 40%. BRABKETHEZCER
(GBL) ZEZIANIE, RER LBRAHNSEHEREz—, hEPEFMEEE
FEERNERS (USGBC) JAIEN LEED R MFARER, RNKE THER (&
ALY AN 2017 EESRSE TOPI REHER, AAPEEFTERNNAER
Tz BIRNBIS A E R . M 2RI E.

2. N RN

| AT R RER

Tt R PEEFHA, 132, %E%ﬁ?- |BEERR, SEEHREHRE
HMEE, BHARMAEFREZ ERRFS . ZERERTERE IAAT

2RRE, 3BT, 4HE, SRET, 6 mm7,7%$ﬁ%°

ANA BN TRREEEAD, DSHEEBBUFER HARREE, e
AR FIANTIE. TSR EE T A SiHARERTANERS  HRER
RENHEZIRE NASNANANESEIEMZHEFENR T , BTRUBHERE

47

https. //www  schneider—electric.cn/zh/work /campaign/life—is—on /case—study /sushimin—news—academy . jsp
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Fea—3 165 MEN ; FERTFHE—Z, BERAXANIMAHEH T —FEN
FARZ(E, FAMIRENS W REEIINESTM, RETEZFH 230 E, TH
FREGEROITER, FEMXERAENER ST RITTHERE. ©
BN E. XWED). BESHMEAMRSEZMER | FABEEURHITZREEH
BABATEAEIT, /\/\@E)%IEU EA—AREE, XEFEEFRRHAFLE/NEE
KEBLRNLE, 9*”%‘—BEE%%Z%X—/\H&’FDxﬁSZ/J\QElIﬁ BRAAT.
||.Ef%?§ﬁlxﬁ
BRRIE T —RINTFLRT, BERSBEMNEIMNEKDNIERS | Tae R
TEEI%HQ’%FD SRR RER  TANHRBERE, AU BEEBRHRK
L)(E\ﬁﬁﬁﬁftﬂﬁ eI TFEIW RS, oL BIREERE
BDHEBPERZITRBABNBERERX, O, Bx, e, YEEHNFRS
TR —RE, ABEFEMA T e B AR,
DERGEITEKB T RETRERS. BIBBESTEHRREETBAERKE
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E. KRIMERFFFR 32Hz F30Hz, RIEHERITRER K, HAETKIFEHR
GERE, KERITTEE 40%,

. 2SR ARR

AR BREE A RESETNIE P RS RERNITE, FAET=HNENRS,
RUBAXENTR DR MEEAEFRIER  FRADIMERBEEMNZET URMLTR
BEEMEBFIE  HHR T IZERYNSLRA S EBHEER NER TSR LE
YEF . RESET Bt5 ASEEAME (Raefer Wallis) v}\j\j AttRFETEASIVENER
TEREFHARFNBTRMR T AHAHELR, SRENTRRIE TE2ENRE
E%QO

V. B EER R

E&&4%ﬂ&%%mxaﬁ%%

Y ORESETAMR—MXERAEAEFEL M@ ENARSNL, HEAATENEARE. WAEME
A TR B BAESAE, LIETEANERFELERE, FRZLRE LT EEFEHINEL,
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ZHRENEERGREME 7 BMFE AR (Building Information Modeling, %
REBRL) | WEWEAFM D XERAEHIVEERRARMALNENEER
WHALR, KU TEREEERSHEERESNES, BHEESYEND
EcoStruxureTM 2 5 51853 IT 5 OT HARgGLE (IT, Information Technology, Bl
{§82% ; OT, Operation Technology, BIME{ERAR, IT5 OT HARRE, BRISLILAM Y
NES BRI RET) | BYF— D MRCNREEE, B§5TWESD
FEERAREE, FHFMEEIITHIRNERIR, MR IREK,

Hep ZgBFEEYS BMS) , WEFRFRAFHETEELENG —BE,
BYBRSEFEEMEEEE BB MU EERS, AR PBENEENE.
BEYER, e ESEERANREF, BRFREBEERNINSMAFTE SR
NIRE, WRAWE., RER. RAR. RAE | REFPEAN MR ERF =
NARRBFESL, s8REERS% (EMS) TJ1d PowerMonitoringExpert 35888
BRE, IRAITRERE, STEEFEAA, TUNEREMRREETED, #HTHERIT.
“ENGELY T NEENEEMEN, RIEBREAESN. EREBMIET, A
FERePRNFEARRSHET TRIFEAM, METYENNEEE BRRHR
72, 5 Blokset EC BB R HREMIMTEG =S . (URFEH B BHNEHRERABERSE,
AP RPENE WA TR T FlE,

SRR

http://www.sc.tsinghua.edu.cn/
http://www.chinaiol.com/lyzk/r/0704/31183866.html|
http://science.china.com.cn/2018-05/30/content_40362185.htm
http://www.ibpchina.com/news_detail jsp?nid=5&ndid=75
https://www.schneider-electric.cn/zh/work/campaign/life-is-on/case-study/

sushimin.jsp
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AR FIEBREN  BEZERTSCERSET, BRERNTNEsT 6
PR, TRTRERAN. THERERMNAEAR, TRETEERAUEBREKAR
TN BNAESIERAR, BBESN, BEERNES, WREE . 4317 ERREHE.
NEEBERTFEREHNN AR, AP DRFIZRGSHEIRI

RERBITHHFERELZREE 7 LB AER,

R TR ERNAIESAR N AERR LA R EHETEFEES I ORX.
MABEAGHERRFES 7 BIEEMHERIL 7 5 8 ATHERNER.

WRBRAARZEZE KRGS LR EIE ZEAE MRS DRI TUBRAE
FERTTE. BRTBATEN, A—PEERHRERNEE T RFNT W AT
FREZRE, ZHEFERFEZRN—ITEENE.

FERRERFRIGEBEARELE T ERETHERER. FEEREAN
HRFRABEHLY, AT RFDLEE TERIER.

RNHBERLLERTE (UBC) MO HELRMAT UDRITRIZ—TRBES
MEETRESHNC. BYERTHERRMNEEAR, THEXRENTRT
DB NEE A SIVEERT R, e M BRI AR IR, I 7 8ERAR A A
SEF BRESFE A,

B AR F RSO R B [0 S A SR BUE GUE R B 8RR

RRRBBIREEHASEEEEN, ENER LRSNEHA TR,
FBIE T A BESEAR, BEHENR R, AE. #EhURHEEN B, LI
BReEEBER, BERAIRTERN.

AEMANEERE . RENITRERLR, S/RFRE—DRIHNLNEA

1) RRBERMEARTERN B EIEERRR UL

2) SERFINEREREAINITRELREER

3) M ENEWATH (BREFE. H=Fmi. BEETRE)

RPER  BAL, AFRZFRERARMEFARTOESREE. PEZ
BAFEEESEIFERBBEK
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s
R RGN ASRI S

Chapter IV
Energy Saving Debugging and Updating of Equipment
System

£ L —ERIIMNZREFNT Rt 5X0ET, ﬁyﬁﬁLﬁLﬁﬁwm
Wt REERMRERAMBNER . BEERA B SR ESRF BRD 7
HRIBAMERATEPHEFE. AFEERNEREAT, Lﬂh@#&%%%%w
BRI S EFR D EIRAERE. RITENFEEEEEEN I,

NZEWIRARKIBRESER, SEHMKAHTE, SNRETH. EHEE
SERHS. BSMEmAEE, EHATAEKNHIR, AXMHLIRT, EREHmMA.
RRZRENAAZEERN. TRHEENZ FEXOTNAR R —, HRmE
RONAR, RERAGNDERANSEFEEXREEZN 1T, TRRERRE
KABEANDEHREZBERAKBNAFORE, SEERERNHBAIE, K
*ﬁ&%,%gﬂﬁﬂﬂ%ﬂﬁi ERARKBTRERENK B BERMNRE. BidE
AXLRERG, TEETARER, RO, LU BEXEEREARNERE,
%ﬁ@ﬁf%%ﬁﬁﬁ@%%%ﬂTﬁ,&QﬁmﬁﬁMF%ﬁiﬁﬁﬂ,%ﬂk
FURIRAC

KRN ROSRTIERETRE. SRNRERAGHNERESNA, REEENE
AME, BRI, A TERABERERTE. ZRIDIFHRF. ZREZRF LR
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BRRX (UTSOL BRAFOLBEAF OMIAFESERK  FEGHAF (£F) .

1
BIRARFHNEFEREZZD T HRALKFE. 2RI E IR BIFTRE,
EINECE RGHIREREZRYN B EIERRSE, FLERTDURE B BB
B E RIERIRESFOE D BB THAE

G

1. B&HA

BRAKRFZEANTE—FHHTLUEEERTXITR 1 RS, Hifs
HRIEX T 2017 F6 ARBIHZBERZASMERN 6 ERFEMTKINIE X2
BANTE—FTth 2B —3HE 6 ERGEMHKITRARE, BRtBE4RMNE
—NEFRETRKRE, HP, KEXXITRIFE 3 2021 £ B 18 REEK
HE, 2030 EZFILIBRHAN, A T EIMX—Bir, BRAKETIKDEIEE
FEME B EERENTBEE, Ao AEFH#HTREERRK,

BRAKXFHESEBTFEMHITEEFTALSHETR, ALURESHS
AR RIBR DB, KUREERERESRYr, IS LRBEAMNETIHES
BaER—TPRERHE. BEERENMTLATBARBRESIH, BEAEY AEBRAK
FARETFEELRABNRSEMA.

IFEERIT I N TRt  HIETE, BRENS HIAE, REMZE,
FIHEMR, WELRMSEERAR, ZTHAR T EEC M 2008 F49 9,713 If
EhnE| 2014 F 1Y 31,754 ME, FETEMNEIR DK 164 Z2H / BET+ (30%) . KE
B BT T 2821815 %7 (A4 1848 At AR, ETHITHNZEEEN
B, EIREANTA T 130445 £ (4485 ATART)

VEEMERTRBUNMMAETLAET, ENWRESATNFHLIMIL.
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2. A RRBUET B

BIRAKNFE T 2030 FrNLE IR E o F A1, 7E 2021 FRISEI B S10H
FESFHI, FHHEE T 2020 A E AR BRAEEGE 20,000 18, X LR E DR R
TERRE SR EEEF TR ERNEERR G, ARIXEBIR, FR
ERAKERB NHENGERE T I RDRER, 2019 F, FRIMEL T Smart Campus
Fnergy Upgrades (SCEU) BT B RN BT TR, EINBRAEREE,
XEABET ImeRF B, BERE 60 EER, DIF 4500 H#RT (4
G221t ARM) o SCEUMBRE R /RATRZHR (MSE) AT K AFKBITL
7, BEEEEZ. KABRRFARENL S SR D EREN IO, M
7T SCEU TN EHEF T AKRETHE 18~25 GWh (FIKER) WEBE, HETFEEDHE
19,000 # 26,000 MEF) —EABRAR, ORI KL 15% NEERE S AR XL
BT RI7E 2022 TR, X3k T KR 88 R E AAIHR AR A KA

3. SRR AR A BB
BARAKSEABEL RS HIRERAE MR LRAYN B BB E . XEEY

FE), HMATIHITR—BHEANNASE, FHEERORMRRDER

SEEMMBEE. TAIEERS MR RN, SRS N

ZIRIY. BIEERE THEBEARSEL - 8H, RS, MK, BEREEER
VRHNEBBBE,

TR ZRAKRFI 30 2804 8B 2020 £ 5 B 6 HEH = 00:00-2020 £ 5
B 7 HE2HM 00:00 (EST) ©€XEFH. B RETHME S Lo ZIME. B A
HiHuh R AU ER . AT /RICAINE Bl APHAEL B AT AR R ANE £ .
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B’ 4-1-1 BRAKFIRE (BJR © https.//sustainablecampus.unimelb.edu.au/energy)

(1] K& BEBF X BERAXZEAEZZECREZRLREEANEKENR
7~ []. RE#NEIRIT 2018(09):90-93.
2] Solar Power Project. https://sustainablecampus.unimelb.edu.au/energy

3] The university of Melbourne Sustainability Overview 2018

— /o

]
4] CEFC Support for Clean Energy Projects
]

5] Utility Reports Database. https://sustainablecampus.unimelb.edu.au/energy
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2

HERENILE, ZR SN 1 IFZERYA LED RAMUE, @i
REETERYANNBRARS, FREBNARESIMEZIET B IE 7 LA

==
1. 5=

LR (McMaster) @IMERTEHRIMRERFZ —, BHHRHALA
HE@EE UERZRIZAMBZEREU . AREE TR K EDEE BRSWE.
XiB. FESHTHNTHELR. RETFHELRRE, REZEEEARERES
IRHEE 4] 800 M,

2. TSR KRB A— BN AL @ IER

(1) BREEIER AT

FEARE—MRARERIE, TNEZRYANBRASGINEE. Fla0, X
LRETERESEN, RASRPDEZIAMNRSFEE | SFKEAN, R4
BEREFHESARIEELEEL S M., ATRAZNAERERH A MIEED
WiEEEES, R EREER.

)Lﬂkﬁﬂﬂﬁﬁﬁﬂﬁ S S -AE

fBE T EENMERERR, SHSEEMENERELERE THED., 2]
HHIEE, BRERRERELAHEERRGEREDERE ﬁ3% I~ X BIEER AL
FFEOFBBEHEE. £EEE. XBEF, HF, XEX ﬁﬁ%ﬁﬁ%%ﬁ
B2 20%, BERTHAE NSRS N g, o BiEf ﬁx% BEAE.

NEAFREZR, XABRBXNADABIEKES ﬂmﬁﬂﬁﬁw BETEN

HEEEN 14-41 TRE / FhXK, BEPARGEFERAH 1.3-3.6 £t/ FHXK (4
éa&%exAEﬁ/iﬁﬁﬂo@ﬁ,lwmﬁgnapmoﬁmE%ﬁﬁﬂmm@a
$%$,&WE%%%Aﬁﬁﬁﬁ%E%Lﬂﬂu%ﬁkﬁ%ﬁLamuioE%
0, BREEFEATFHEREE, TRTHELREBRTE

1TiE
k)
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(3) @@ RAAEARIE (PDC: passive downdraught cooling)
LRMBREFIAFENGE, NARLESSEELRETIA, BENEETR,
HMFEAZ NIRRT 8], SInE&/EHFE =N, MiSKIBNER,

4-2-1 i ) A ANEARRIE
(BB [ ]EBEREY, (EIUNEARRITIES) )

(4) EEwsiBER T NEARE
FEENRABNARBERAREENASTSSBEERTRERER, ALAES
HSESE NMEMEEARE G,

B 4-2-2 ¥EE RN BN ARERNRE (BJR  SDE2010 TEE M)
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(5) MiHEHEXEE
BAFEAREEERIE BT EABRMESRERHEKR, FIRILEEFR
SRR MR, 2016 F, RAMBFREFBNEA (DCV) WEZPREREER
LIS AUB AT T EHER, X EEGEIREBINT A RELE.,

(6) BIEHHE

BE, LTREBHREEREEABTERFEENTSRAERE. ZIEKR
ETNENIREBNAZ IREZERELRRR, ATUESREE . Z |k,
BEEMEVNEY . FNYE. SXRETFNERCARREILMHE, TRURD
LWESRAREFTFEE. WREAEBIMNME, RESKBERAGRAZHEATH
FE MUEREERSRNFEY, FULIRARXKR T, BFEXRETSRE
ARGAFENHT (MAZEMRE) @S, AZRZTBIR‘ESH
MHTSSRENELRENER, HREZE. B, ZR3MFRFEERRERE
I 5LH AL (Michael DeGroote Centre for Learning and Discovery) F120%5 &
ZFET TR AR (John Hodgins Engineering) &R SUE R KIZHBNEIAR,

AN, B ERNMABE HHRS R LERBENE. B ¢%1_f1$DﬁF—x%§ZE
HE®. BIRNHERSE D LA BENESTEERGELURD 1B K E 25 S XA
ARG THAB B

(7) BIEME

DLRREREEEI S5 LI F0 (Michael DeGroote Centre for Learning and
Discovery) FNZ9&y EZFET TFE A4 (John Hodgins Engineering Building) S&E¥,
HE 760 Hq—i{’tﬁj’%’%%o RN F L BRI Lﬁkﬁﬁ FFEILI 510 M=
FUREERHE . X=ZERREEDENREMABET 40 AET (45262 5T
AR™) ©

:ID

}

\1__

3.LED HRRAZGET B
Zn LS REH N TRV EIRIERE, L TeTRIFIESRERE, 4w,
THEFERFTEFRNEBH. FRAESH LD BT EERE. RIPERRELT
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BEREFRERETE, ZR DI RENIRIERS LED R R E AL EF1ER
BUE PEUS .

FEMEA £, 2016 FRE THY 9 B AFESAERLE F E2 RIS,
HMTEETENBIIEELN 985000 TRE, §FEZINEESEHBEMRITA
123 fifr

[1] BB . B aE s UB R R A AT RN PN T TN AR D). X

[2] Energy Management Plan

[3] Demand Controlled Ventilation, https://facilities.mcmaster.ca/services/

sustainability/energy/
[4] LED Lighting Retrofit Project. https://facilities.mcmaster.ca/services/

sustainability/energy/
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HTROBRESEAN, SRERSLEREELBERERAS. KRAE, ¥
RV RIZER R I AT A R, it KBTI AR, EARBEIK,
BRI RS R AT R I B AR,

1. St

2018 I, ZRZRFEMANT KRESELZMWER (UC3) - BH—EIcER M
RERLAMK, BHTROKREFMKEESE (GHG) HEIMAALR, 215K
FKIE B 2030 FREIRESAHIMERD 2 1990 FEAEKFIATH 37%,

RIEBHIRGIT, 1990 FZ L RFHN T 116,959 M F MK EE (eCO2) ,
A7 LB 2030 FixE) 37 BHANER, KEFBEFSFHMERT 73684 K
bk (L1990 F 4 EME)

2020 FF, ZRZARFWTANMERERRNEETZ — XRMNEXN REREE
DEARKN—MEENT, ZREREZHFRMEREAREET 62X, Ritik
5850 AETNEEREUTES, IETFE, 2RRD 7B 55 T _aHimSE
(eCO2) HEML, P EBIL 12,5122 F+7K (1524 F 500 P BELARIL 5o AR AE 2k ith ) K 81d 3,000
FET (A& 21T ART) IRBAEVEA, Rk, 2RZRAKREBIIENR.
K BIEMSNEED), ARFESBETURIFERIRHEEITHIA L BERMH TR,

2. ® IR AL RS

BRT, SF BRI ARSI 20 MBS TR MEE, HFBEYE
AR=EMEE. TREFBRARRERRIERE D ERBNEONASSNIERS
BT T F R

(1) LED R, BNAEHIE

B 2016 FE RSk, FRELK 2% 7i#Bid 100000 M LED 4T, EETEMNBERL
PG 2,000 ZNKRERARE, XLEHOIHERNBENSTRE 20%, FHEEAM
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ABRZE=ZE 100%.

SRHY LED FRAAfE 20,000 F R (494 1858 SFAK) MIBUEREFTHIE .
A, WA EAHERRENEN (BEEERAETRLETNSHEREAN) LUR
M LRSI M. BREFSERYNNSNG (BFER. HEME /)

o BUETREBFEPTAEA 20 Hiix (A6 102 At ART) AKBESH,
Hi/'\i’] 200 M58 = SRR ——X AR Y T 15 MIIE R LB R ENRESKE,
35 AR ESE M APNEIE.

FEf, TRELARSENERERSZENMNEAENREMNLREFHE 1000
ZMENIE, BItFE—MEFARE T ERNERBNAEARERMNZ M, Nt
B% NRSBRENFENRKF., XTFHANRFEEER 6200 M — S 0%
UEHM.

& 4-3-1 BMXE (R : Lika Miao)
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(2) B#BEFREER

ZIE BNEERENS T eENRET NENERES. XLBREFEN
JREVGH B A s 5 B EM A SEEERAXRKMHELATFEERE (R

BEEASTIY AN T BERENE) | EHEMRELWEN, INE T 2018
FEZHT,

K 4-3-2 %288 REZE (KR : Baird Sampson Neuert Architects)
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3. AR RS

2019 BRESHREEMITR (GORP) ZREZRZETH T 5B HRTFIAK
BESKNIE. KELEGEBMRENIFHNE SRE, #TNETURHERSE
IR HROR A0S , X LT B R FBIT 5000 FETT (A& 332 T ART) |
FENRESEHMERD 81T 8,600 M,

(1) KFHEERS:

RFPERERFEAEZNARRRLBHRDIE L. 2017 F, £FRF O
METREIGINT 67 TEANXKRS. SFEXBL 75000 TR, B, ZlFo
75BN ARFFERRFBRL THREZEIANE, BEDERE (ESEHE .
TIEKT. LEDAT) | TTEAGEREE (BBRGISME k) FHREBENHNER,

mm&,EBmmE%ﬁﬁ$wﬂIFW%E@M$®<aﬁ>$ﬁ%%mﬁ
BHBER G, KBRS RKEUEHRDIET, EEHTHNIME BFEARTE, HiE
MEERH RS,

(2) AR (HBEARRS)

M AR E BANARADS MR RISERFAEE . £F, LEIKEEES
TFHIERE, BT EERITER, Eﬁ%ﬂﬁ§é$”%ﬂﬁxﬁ%%ﬁﬁﬁ
APALUZRYEBE , ERNER, BRDEROREW TR

CRESBAR—MEARY, REESTRATHAED, WL, 5H. HERITI LT EA,
YOHBERERGEUE LR, BT ARMRAAMEBERIR, HARRENL, BRI BRE. BEHY
WRAGRABRMBERZRR L., CEARMEARR (EAF) SHRE (ELF)
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4-3-3 I AR RIERE (&R © Low-Carbon Action Plan 2019-2024)

FREVEBRXBZBRNLEKMESEAN 1115 T, BTERXASHTM
o BT RIEIERKZZ A H AR RS M EFUTEFRE D 605 HIE=SEHI

4. ZWELH=CH (LIFT) ME
BB R A RS ENER B Y S HFNLREEETFLE M, UFTIMER
BHIREWN AT ARRE), XESLBEIHEBS0FENHE, FEBESEL
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50,000 SE KL R E (BURY 15 NEEKE) » 3 LIRS ERETRER
FESLWIARMNL, DUENNT BREFRESMRMNFEINENRE, FRERTUHER
NIBFMBSRAR,

%

ow-Carbon Action Plan 2019-2024

1L
] Sustainability Yearbook 2017-18
]

2
2] Energy Management Plan

3] Demand Controlled Ventilation, https://facilities.mcmaster.ca/services/

[
[
[
[
sustainability/energy/

[4] LED Lighting Retrofit Project. https://facilities.mcmaster.ca/services/

sustainability/energy/
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BERGNEFEHERRNETRRENESR, i, FREIE T REREERM

@1tX (DEEP) , MMM BEFEHFHEERBENENLNI, UEMHENTER

BUMBRRAALT, BEREEH 7RPHRNE T XEMHELRE, BAETE 78R,

1. H=HR

MEeRKIEE—MEEMARE ERENTREEHE. REEXHAR (XK
RISCEL) £PBRIPX (BR)  FRBNTREXFLFEKMHX LRI X,
BFEIANARENTRELRE—TITHRRA,

WEANLEF, HERRKIEETHEMY S HEE T ELNA. FRARBERES
PR EHGERZER VTR (GGCRP) |, IFISLEL 7 BRI BRESAHMR . HET
FEMEBMURSELRAE, R T XREHKENMZEFZEI,

WS ETTREEEATFELRMNTTRHE DR MERE, BHEaEait
ISR A, MRIFAIS AT SR E NIRRT T FE .

2. VRIS FERUE

(1) REERIREXE T

MERKFR 2013 FEANHRESME (GHG) FHHAFERNEEF, L2023 F
B AR, FHHREREITR, DI BINERETN 2030 F41 2050 FREHE B AR
A, BN BIRE (RBE L. o, SXCRMEDNE) 0
EEMER, FTATANRIS R Es RARAME, 1B INse R RIRA B BRIt .

(2) XiggeEsz1TR] (District Energy Efficiency Project, DDEP)

MERKFRRESKEANTZEF T, HREERANA RS TIERE,
R RIE AL B ES AN EIVES . XIFER 1080 HET (Y& 70735
TAR™M) FIDEEP BB EEASMM B FEFIRENRIE —FHRAKESNH
HE XM, DEEP HE M ERKF#HE—THEIMIMARUEE, ARECNE—FPEE
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. SRR IR

BB RRALHERERNRESEMN S %, —ERELEESMEHT
EMES. BRI EAHTHRANTE TER N TR BB R ERRE SIRH,
RAAXFEERNER ., RN A ERIET 7T BBFAR, 700 T8 & LED 4T
FEER DB EEEBINIT R H6E LED [TBMR, SEART A 59,105 T RN
BEIR o

SPRA T IH ARk B R R X EERESR ALK, FHRFA 3 LR KA,
Wt—3k, BFEITPEL 435000 TRHNER, SEERINSSAEREMR
FhX TR FNEE (VFDs) B EER. FRENTBRPETT T EH LR,
KA T, fEARE 1006 FIfEHCR B FXIEMHEEES °, XM T BIRIPAILSEER.

(3) PEESHEKEEITL

2016 F, BT ARFELEHM T (TRESHEREEITN) |, TMEHRMNIE TR
S 3)F 2016 FEH 2017 F#tf7, FF 2018 EFELHE. XTI EEBHRERSU
HERBINE, BHTEESNERNZENES, T HERMRIMERIERA IR
=R, TR E T EEBESR, BIR) 2023 FER5E R X B AR 2013 FEEAEKE
P& 20%

BRT, RWASFENITISEERH T —RFE, EHENERSRUCHF. I,
FRE AR EFRE SAHRAN T 6848 MBEFNTS . REHBERHI,
ZATRIRAE 2019 Ft{TEZIFEF RN, T 2020 FHUAE,

O BB (UFRA W 3EA , 3B, Cogeneration, combined heat and power, 45 . CHP) | = A L
K B A R R RE,

' TBLED )4 A Kl CREE 5 AOD B & R LED B REA KR XR, SARAT RS / Hbe. SETA
PCEHIME, T RIRA 135 F, FHBRKLHE,

Y AN RERMBEH BN G UIRA BT AR LW RRIT, TREREATRESE.
REHS, KB®Y., Tk B, a3, F3b, BLEGHHENEA,

Y EHBRBA, XRRRKRAEAN—ARE, RREHEAE, HR-AEHE, AEEF, —f#
—EWREE R —ME LA E RS, R — N E
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(4) BIEfEHE  EMMELEERE

MERRNFHRBE] 2T 1994 F, HE ik 80% FIRFE M. HISF BB
FR, ER/N\GZURNEIVNENSHE. SH. S5 MNEASBK. BiH#Eai
IR g, O SLUSEA E e F MR RAEREES . XEFTLPNE T REE
FERRRFELD T 26%, XETEEHDT 260 FIZAEREESAKERE. B
& (Schmon Tower) RINIMERLKBREEHRZEE (ETS) , FMATMIKHEA
R X AEARBELISHEEENE, O DS N BRI E BRI,

(5) EfMhfrshitxl

MERKELR T ZHHEEER. FRIERBIRRANTTE, TTRIFEITREK
SREEIUER

@ % (LEED $RARESR) s

EHhERKREDIRE LEED {RIIANERR — (B—PEEFRT D) » 5
BARPBUEIT BB T HRAEERDER. mREERHFBENSEWEML. FERB
KAZHMAKKE., LETHE 60%IXAKNPKEEUL BRFEAMR, BFX
BRI PR 33% RN SHIRIE, &1 75% R R R MM IRIEE 7%
FEZ S

®) T RIRHEM (Demand Control Ventilation) &%k

MERTAKENZETHREFBRRSE, WATHEBEHHEVFARBERE,
WOBIRIR TR, IX{EEEERIR ZRAVRID M 50% B4 E] 70%,

@ EIFEHARS H0E

Theal House RIME 4L RIFZ A0 (ESRC) FIFTFEHL, F 2018 5 2 Bt
FTEE, DOE— N IHELARES, 20883 LED BIANER ., mEAME
ENTEEFANKE. MIEERE 3032 TEmIENME. RSB RIBER
FRBERHITENAZENBRNRGEIUNRL L B HFEAHIERERS.

@) MR SR

meRm A ERTEENR P MEASH M E DT, UBATTNRE AR
MRERFER, KEREEF AR 6000 BB, 158K THX L FEYE Wi
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PHRRET, RN EREE M ENHTEZ WA,

B FIENE- K= (Marilyn |. Walker) X KIS

2017 FMKR, MERKRFZAEBWE ARZASREBEZAFZRNLE TERKE
BERG, DEBERNPHRPK, SHBEABFRHERS, BURAFHETIUE

WEIFEABEIWEFRE, HEN— MR E RNV EE AN E X N LIz R R
B,

© M= (Schmon Tower) M BEHHE

MERKFERFRENERNAGE LK T TmBs, NERESZREFE
THRERE. ZIERBFNER KBS R T ZUNEm, SFELTUHERE
B 456,000 FELAT .

(7) DeCew E1EX (DeCew Residence) BEBRILAL

MERAREX DeCew BEXRMIT T IRESE, MRS DeCew BEX HU{HEE
KEE, Jtfa, FEXENHFEABRY, MedXERABHTHE, 84
o A5 e 755,000 F ELAY .

(6) mHBRSME

PRAF—RIEEN S BRMBE #7508, NMAKIESER, FER
BESHEHIR. BOREREE, IREETENNNERGRS 16%, BANER
RS 14%, B ERREERM D 3200 MR =S AHR, 82T HE /) 686 HAE—
FHHEE .

KRB EZTRKFZRAEE HIHRAMLERERTHXERRE, hEFATIEE
IHRMTREA, SREGYUIFLTNEZEFHNLE, FHEMHNARE
Sl L RN A B AF THE.

BHAR

1] Brock University Environmental Sustainability Plan 2018

—

2] Energy Conservation and Demand Management Plan
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SRE-TEFNERERSSK, REBEARSENEN. REXINEE
MY 7. BRARTENY KrSEM YT, EFREREEMM S5 1F
RETFTAENEN . NEERABUBRNENRE, RENERTBBEER T HE
BT, TEUMA. HEIRS . XERES . SHDEBRENSHKIE, HEEER
RR. ALBERT, ITEAFE 2005 FHHRRAGLBREE SRR, BLEAE
SESMN—EEEAR, BHAGER HELEE ERAEEAFRMEEREERR
AOH P ARRERER  BUE THENR.

1L BFERREE LEEK

TRAFESREREEL HRAEREENESDHE, FIAESSHERA
R, ZENATEREMN. BHIE. BEIRE. BV IE. T, BT
BE2R, BTLE, BX0HE. BEEWRTETYBRENEARAN PARKEHFN
BREEFR, BUHFHE, AIRRERETETENER,

(1) FEEEEHE

EIRAFIREERRZET, BEREEXBAENEXRENENEESEEX
LR, 2LJLFNBRENLE, BFREAEERER 2 A PN&REEER
M, OBES. HKER. TEAT. VRV FATIE, SETE. KT LERFMRBESL
HeAA. YA FHLREE, WRBERIA 00 ML, HAPK, BmBEit
ERIAE] 99%.,

IEAEHFUEELEEYS XASRNERUSYBRNERET, BE—
ERFRE. ZEM. INEGELIERFETHANYBNEIENS, @Rt
ABLBREEE. BENEAETERBEANG T, FaBERMTRET AN
%, BREERERSY, AUZFEETREEEEREARFERSHKT,
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TEREHFUREREEFENBERXBL NN, 2T LHENRR, XH
1+1+N+M 79224, BN 1 DMERGES, 1 MIERESTIF, N NS FREMZ D)
#im (Mobile) HEERIRT, BMEREER BRI R AVIRM BT BB MR,
SUABAL B HNEBEZREFEEXE, ABEERMETERZIRKEIFT,

@) FrontView 24 &

TR RBYBMEANER, BUET —BELIEXE. £h. FE. 27,
BRUR ARG LZNREFNISE, SHNERES. RENASGN S FEE".
ARFE L, TURERALIMTEEELRERSK. ARESFENER KREEF
AT EgEBRR. DRRARGIRE. KESEREIENCEEREHEE,
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BEXRTRZZERLEFANEMAILD, ERBREREWIL T XX
DRI, TRAFEEER TRESEITEEE. SKEMEN. RTEKRE.
BRVEAMMERELTRE, IREME. ok HEAMRNESH#HTETRE
PIEISERT I, SENEERESXKERAE.

QEEHIE T RS

REXTFRARZRRBFELREFENARIMEM, ELBREENEE . £
HWERTRFER, NERNERBRAE TEBRIARE, TEFEEIENE
T BHNMRNFRTRERS. TRAFENBYEREREMREHITIZES SR
=, TEERTEH. KRB B PATES, REELBERENTE. 5.
RFEIETT,

A BEETEEERSR

LU TNERABNATY FITE, BYACES/ N NNNAREEMDT,
RN ZASIINREEBERENR. REEM FERUEERRR TOREEG, LI
AENEEMERATEANESE. BREE. FESITONTEZTINEE.

B. 8 KEM N AL

RGN REM TEKEMINE R BN, SEBKELHNRF. .
B, DA BE, BINENTHXAGRRGEWRERLAITEF S, TUE
E—NELXITENNBRERRK, BOMRK, ARAKTKEERHEF. ERY
FURIRSF, SKEL T R0 AKASHH K,

CRIITERERS

RGNS RRERRNARARHT TIZRITE, o UKEENERSE MR
8. EHMBENESH, LI TEREAEMENEEE.

D. BRERAIEF R R

ARG T NERERERA . SURALFIMEREHRE (W LED B-REE)
USSR I MAN R gEF2 6, REBRIE AR ML RN R IT ) KE =S, HRER
BN ERE)  24F (RERZENE) SBRaxEREREERE, S
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2. FRRETABER

HFUEREETE N HE TERL TN, 2017 £, TE AR
BEE 2006 Y 495 %, RELZEZ 2006 £/ 443 1%, HESEHELEKE
2006 F£/Y 4.16 15, TEXFIBERT, SRUKBRFESTHMARET 1600 At
A, KEFXHREKT 137 F, S2EBIESKPFEL, RETRSHEERK
SFRRARAKBEF LA, ZEEE, +—R2 T8 #E, HEREIT
TLKE R L HITZTT. PEEORHP R EZ . X DT, NI T S HI T R IERL,
AT HRERFE L EEL 7T ouit. W5, FREENK. BREIHIBEH AR
HEAX (BEARATE. NEEE. BHEE, TSEEEH) 13% UA.

[1] R&Es® , &t K= . B SERE—IIEmAERFHRREEF
BREERRELLE 1] & /EE 5 2018(06):50-54.

RIEE AUPTAEKEREE REHFAUERELEED aREHH
5% ,2014(03):94-96.
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AVIRKZER—MAEIEA . FELZENSEFAN, LETPERH LN EH.
REFMEHEHAMN . AT RFEEBRX KX T 2002 F 10 BIERX/BA, #20LW
TR WAL B ERUREREIR, B2 HFRFE, IARHEEAZE.
KB XX AR NFORRX BN RS, PRt
GXUAE, SRX—EMAATIRZNFRX, MALREE. B, H=RES.
EFRITR S B TERH

2. HAENMLA ST REBET B

D IEE=x

AT KFREBRX A TN HEILSS, KX—H5hEIR3300Hm, KEi#
RHIR 93 HEFK, HPRAEBFESERER 27 5FEFK, St M4EE, HPRE
AAERESEE, BRER 78 HFAHXK, 2EEBEALE 6000 A, ABEHEH
NAAEPHER 3 EVE, REEEABNEHBEESN—F, 43000 AEH,

KX RFEAMEREATBARNZRIEARE, SERABRREGMEAR,
KRGANBERNETHRKBER RS, ZRME 48 7T /G™, 2009 £ 3 AE#HMH
W EMIZEMEE, HEARNELEHRER, HHEEREBERS R BEHENZEA.
SR H O RZEAMIR A 93.5 7T /G), HUKAKIBIES. B, HTFERAEWE
L RBREFARINZERE B ARG RS SMFEE K.

RBEREZIEANIRKER T ENNRGHRATHENER, SRR EMES
RFEIX 50% A . Al 2008 FARE R EE BERKRAFHIT T RS,

YEE. RERM, AT O KT, TERATHRATHEENANAERM, —NEELBE 10
LEH.
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FHEREAKRGFENETEZRRE=1FH

OEMBIAK, RKFRAAS . RFEITARFGEFE LN F A K SEH NEIE,
KARSWPEFRHRARNE, ONTRPBEERENAIEIEMHRR, UEES
REINITE S, BARKBRE N 0404G) M, FZSLFRFIBUR A 93.5 7T /G it
%*m%mﬁﬁWSW/W FITRPBEERESSMTEMMMR, HKAREX
0.559G)/ M, #AKNNIELAA 52. 27 7T/ M, BMERFHINK, HKFIBIAS.
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(e Heatexchange
run through the
pipes, the
temperature of

the ground cools the
water.

In the winter, the heat
from the ground is
picked up by the water
and distributed from

the thermal stations to
buildings across campus.

In the summer, the
process is reversed-
hot water is pumped
into the ground to
cool off.

A 5-1-2 AR ARG T(ERIE (KR © https://www.bsu.edu/about/geothermal/faq)
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Chapter VI
Sustainability Advocacy and Activities
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t, IHERENFEE BEslEERt=XT. (MESFRESESE) (1972) £
RURELRENSINSSEHEIENE —RZ0. BEN CEREFHES) (1990
F)e (BAERHES) (1991 F ). (RFEQMEE THREARKNE) (1992 F)
N (HEAES) (1993 F ) MiEd T RS h 52, XLESSMEICRE TN
REZEIHXSERN ZWE, DUREREIRSELREABIR. Hh, 57 L
KBZNAFCEEE T XLERES, JLEESRRAUREZ NITRRLRE
BRI . #TUHRNBENESELRTFBEEE. TLURTTAERIDAERNZ B
REOR, BATFHRERPSTREARESNES, OUNTE—SHEASENEE
REZER, RETHEXREGEESHSCEANE X, ZEHBRIRIIEIZEZEXR
FROFEXRESAESFHEIENERRIL. 1998 F, NEEXRFHER 1 tlE
ZeRFrelilr, BER—HER9YTE 7 e SeX¥E s, e—REe
TR
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RED R T EERBTHEWEANES SEFRITNRE T HRLRAIAIR,
BREABEERDET . BERFE. THMEHME LT K5 EMETIAF,

1

1L BREMT

ARHIIBIE T PR E—ATEMMNEY T HARRFERZEIINARFE, T FFEL
RREFRMEPBET 2N DRIIHEEESERENMAL, EARREERIET
2, "TREM X -ESRAFERARSENSHRERS., A1z (2017-2020
FHRBERRITL) F, ﬂ?#fg’lﬁlﬂﬂ%ﬁﬂﬁﬂ/\iﬁ Wz —. RLREPHER

NERBRURIPBE TN (TREARITHRE) (BEERRSE) | ZREK
577 2018 FHY“Swiss Ethics” A3

AREEIE TR IRELARENAANTHR. HE. KEMSHETIE
MRk, Eip, EREN AR —ZP, AREERT TRAFR A RWTBEER
FOFLUKILRE , A HE T @R 7 H2RNAFTIRFE AN RAFIESEEFTX
AHZERABN—RA EE=FRE"F, RENBTREWTEESTHFEKL
BREN , Axa E —FHR, BiR T AXRE MRS HEZNETHRE

i e e i 2 Xf 1

research education  campus dialog

& 6-1-1 AT BRI TSP ol 354 4 RIEN
(BIJR  https://ethz.ch/en/the-eth-zurich/sustainability.html)
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2. I EtRiR
(THELRITHIRE) F57 7 2017-2018 FH 8 —RFIE AT HEH ExR,
EEE T 15 PREFFH 41 D EfR, HRREIBOHNEIRERASBIEZER RS
ENE R (BWsR, Bait, ROFNBSE) . IMTEHENEREEZ N
MEFERESERTRER T EXEEZNER.

IR TR B ARRHEEE 2R S N SCORAL L4 2 BHE AT KRS R R AH OSSR I &

FieR
1
EfREfEtk| RS EREEHN A1E
* 5 [ IR A VR R S DR R B (F3K AN 90 2%
fm CLRF Erids MG BLALE VP 1 7F T30 H AR 00 B
IR CIRER A ETH B SF SRR R ) HEAT LT
TERT D A AL T 2 A 4k SR U A 1 i
fEHEXS BB EAERL L BRI 2 U TR K s A A (B 5%
WE SR MR N ZERI LT 0 T AR BB 2 e AN 22 G

L S B 5 b S B,
A R P 50 ] LS D7 2 5 k1 5
39 0 B8 L X R DB T f 5 R LA
8 91350 A 5 R (1 — 2R 81 K
SRR R A SRR 2 B 2 B EL ) (kAR T MR A )
SRR A% IR SR A SRS & E O PR SCERIO T & LU He et 3 T et
BE (M
AR A TS B T T R 2 1 B 9 20
AR 0 P AL P AT 56 0 T B R
ATHREERN| 08 RISl 3 B 75 R 5K LI 6 7 B R A 20
BE | OETE AN TR RS R TR
Y PR 1 2 RO B L % R

ST+ A AR Iy A5 2 J T (1042 ) 24 A

EEd




SRMBRERLESR | 137 |

TE BT 22 57 A S e MINERGIE®-ECO A v (BRSPS ) I 75 B9 3 2 30 vh s it
MINERGIE® FrfE (ki)

FERRIBEGE T H o, PRA RO A A I AR e A IR D AN HE T
FER R, RAE A A St (K e SR A Be i Y

FEINAE 3R P A R KO 3R A

FRERTEOIR T . S AR A AEAT 5 BE VS R R 15

fE Hingerberg K [X (Anergy Grid) MIBEURHBEN RGTEAT PR & &S

PRI ) BEVE
2025 AT,  Zentrum XX CRLFEAMBHEE) BBHERTRE 50% KR

£ Zentrum FZIXSENE” S AARRIBEN " IS5 —Br B

R S A T A RS “REVRMBE S ALl 7 (LA 2006 SFONIEMES) T

R 19090 451> Hinggerberg Ke X — 0 F1 B2 — AL IEHE I B CHE4F 4600 BEFRHERD)
R AT
mpps+ | UICERI Zentrun 1 Hingserbers el o7 7 S DU IE S el
3k 2.2 9 5 A LB AR 24 300 2 A8
e [
| REEATK R
AR i T L
e
& B 50% BRI A RIOR
AT A e P Bl e
am | VBRSO L T
5 RN A T > 2 e T G 1 [ B B B % R
(R A BB IR, I3 A SOk HE R R TR R B . TR
SHE |2l EE AR

2B 55§ K2R B, DY E R M s st — R 5K ST

FA&6-1-1 (IRE) HRER 15 DAREFIFN 41 S NEAR
(&8 © ETH Zurich Sustainability Report 2017/2018)
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3BT

B ELIBIE T PRI K 01 3R Bl R E TR L RIS M T m . BEEAE
MERE TR MBI EE TR O I R BEBI]. 28 (REL . BE 53 E (SSHE)
EBI). BB UEBEFES (Mobility Platform) #5177,

4. iR

NOT ACHIEVED —

©

PROGRESSING G

o

ON TRACK S
ACHIEVED T ——

&l 6-1-2 IREFEZ HE 4 P ERMELR
(B8 : ETH Zurich Sustainability Report 2017/2018)

RIERAE 6-6-1 P T FIE 41D BEAR, IR &G TR 0 T TN B R SE A
EEM T, CEBH, ERA (B 6-1-2) ., R 6-6-1F, GAEFTE—
MEARNRLE, HRE5 7 BEARER. TARRAN BN K. B6-1-3 R85 TR
— SV ENGERAEDE . Z2M, ®6-1-3 HNE=PEFL T EHRRX—HE
PR ELFRIE T H Bt XITE 2025 FH B X (Zentrum Campus) FIBIT R VA E
50% HEEEK, REPHIEHETSIE - 2017-2018 &5, KX HIHE 13.1%
A 11.5% NS HEF KBTI RALIN,
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STATUS

Continue to encourage energy-related
dialogs with employees, students, and the
public

During the reporting period, no large-scale information campaigns were
launched to encourage this dialog. Plans for new initiatives are currently
being elaborated.

For operation of the energy supply system
at Campus Honggerberg (Anergy Grid),
ETH Zurich will use energy from sources
that comply with high ecological standards

The Anergy net on Campus Hénggerberg was further expanded by the

construction of the new Hl-central, ensuring the connection of HIB/HIF/etc.

to the Anergy Grid. Currently, 8.5 GWh of heating and 10.4 GWh of cooling

is supplied from the Anergy Grid. At its current status, it needs 2.9 GWh for
operation of the pumps and other auxiliary systems. A collaboration with
the ETH Zurich Professorship of Process Engineering (D-MAVT] has been
established for the continuous simulation and modelling of the energy
flows in the system, with the aim of optimising its operation and future
expansion. The strategy for perspective development of the Anergy Grid was
remodelled and new targets were set for 2026/2030.

By 2025, 50 percent of the total heating
requirements on Campus Zentrum

(incl. external consumers) will be covered
by waste heat

In 2017 and 2018, 13.1 percent (6,362 GWh of 48,532 GWh] and 11.5 percent
(5,471 GWh of 47,621 GWh] of the total heating requirements on
Campus Zentrum were covered by waste heat (6,362 GWh of 48,532 GWh).

Implement first phase of “Masterplan
Energy” at Campus Zentrum

6-1-3 ks
© ETH Zurich Sustainability Report 2017/2018)

(R

5 THfE =R
DEELENE

The implementation of the Masterplan Energy at Campus Zentrum was
initiated in 2017. In this process, the Walche heat pump was shut down and
dismantled due to inefficiency. Currently, heating demand is primarily
covered by district heating [from incineration plant). Between 2017 and 2022,
over CHF 16 million will be invested for the first two stages of the new
cooling network that connects all five cooling plants on Campus Zentrum.
The cooling network, which will be finalised by 2022, is a basic prerequisite
for the connection of ETH Zurich to a possible lake water supply system

for cooling and heating.

THAESERET AT

HRMEFIE THE (TRELARTERE) &6 T RIMTHERSE - £3KiRE
B8 GRI) AREMEFR TSR EKENTT
54 E ZF2  (Sustainable Campus Charter of the International Sustainable Campus
BIFRISCN) , [EIRY7E 2017-2018 FHIIRE P E —RAERR PN T EKE
ER T #54& R B4R (SDGs).
QZHENRERESHHNEITE
WREPRESEHARAELE HR ED

B 2HZ3 (Global Reporting Initiatives,

Network,

T, ARHEAFETFRTHRE
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HRHEBIZE R A B L TRESEZERER ® (GHG Protocol) FIIESI T, HHEM
FAZNKRSEE (Scope), BT REESEEIRFNHL, EHNTEERIE S
SRS EEZHM (B 6-1-4) . E6-1-5 A FFRHELFIE T SRR 2010-2017 18
=R X B BB E .

Q00000

E_XME: I@ig}iiﬁﬁ( F—Xig: BiZHBX
Scope 2 Scope 1
INDIRECT DIRECT
) 3‘ E’\, BIRE: EHEHHR
%zuzra{&mm S
Scope3 | Scope 3
E  INDIRECT INDIRECT
purchased &
n:;::r;d transportabion
c* =
= s
capital
gcads — 4
O wmnan' ™M
Fuel and g’ comms sold procucts -
ey 8 ? ]
E__8 m company ectts E TS
and distribution m*en'
bisER operations ’E sodpodes  FHEER]
Upstream activities ETH Zurich Downstream activities

B 6-1-4 I/REFBRESEABMZERRD A=K EFMSMERE
(B8 : ETH Zurich Sustainability Report 2017/2018)

¥ GHG Protocol i T (AW HY MEMAHBESK. ZHAMHK (C02) | Fie (CH4) | Aft
TA (N20) | ERBMA (HFCs) | 2FABR (PFCs) FuxB MM (SF6) MM HMBEHRT, EAR
— A T4 A5 I E B iR E SR AW, GHG Protocol ALE T 3 Efn i i E A ARH R A X &
WEA, AT HEREARNEE, EHEbYETHLFTERS N —FEE T KA.
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Co, emissions S {{ A=
in metric tonnes of CO, equivalent per year

30,000

25,000

| ] [ [
20,000 =

. -
15,000
10,000
5,000

2010 2011 2012 2013 2014 2015 2016 2017 2018

coolants (Scope 1)' /2 ZN7 (X[E]1)
heat generation (Scope 1) {HfE ([X[8]1)
B purchased current (Scope 2) PSEAYEEH (X[E)2)
commuter traffic (part of Scope 3] EEf] (X|[8]3)
M business travel (part of Scope 3) FE HZE (X [8]3)

6-1-5 RIE ="K 8471 H 2010-2018 HUBRHEE
(EJR : ETH Zurich Sustainability Report 2017/2018)

W

1]Greenhouse Gas Protocol |[EB/OL]. [2020-06-09]. https:.//ghgprotocol.org/.
2]Sustainability Report[EB/OL]. [2020-06-09]. https://ethz.ch/en/the-eth-zurich/

—

sustainability/context/sustainability-report.html.
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1. E=MtiA

1900 FF, ERERZFHAA T RESE AR S0, ZFRA SR T a ikl T
EE, tﬁ?ﬁ?-i%%%ﬁziﬂ ST EARER. BYER. wRE~. B &
WEETHEE T RN TR RP . REHENIRUUN L., BBEREMRI FRTAE
2020 FHEZEABEXRFERRHE R (RIBERERMERTHR) , 2005 F, BE
RFPEREY TRETFSELRERE), AsH e MhERE T SR REgs. 455,
e XA REZEAETEEBEITIFEERIVE. 2012 F, BERFRNEESNK
HELEE 2005 FRILLREIZD T 16%,

2016 F, HRE RFANINER T AR (2025 FaRFLITH) (RXRE
<Yale Sustainability Plan 2025>) +RIFIRE T LN ATE, 81

(1) uShH  FERRRTFEAEFNEF. Bt RSNEE |
) SEENT  XBESTIRNSEEUHRBR N ERm
) %) B OURENEERAE NI AEMES RS REE
) WEE  RAZTHUMEBR N TS LR ;
5) BB RITARBEEE R MEMTHEMENERSENSEN ;
) MEL BRIRTTRFSIRY B SR ANAN IR R AR
) BER IERER. BUMAESRERED
) BRIAE . BEHIE R O RS ER
9) B RRUFBAFE, RN TFREELRkE

B, BBERFNEIMERERMN T ARNITFELEER, F4E585%8
MEFRRERTE T LN TR,

2. IKMRIER (Green Certification)
BeXRFSETMTHRIAET AL XEBHAREN—RIIESHE. ZHER
NNBETHEREE, R8T LEAR. BRAREFAR., BERFINAMA



SHRMBRERLESR | 143 |

RIRESMTANHERSG T REEMBENIRZIMNAETEN— AT, X
NEBETHUREEERAZM, Hit, BEAZIREHXIEMHRT —RFIEBEILK
RSENMBIES), REMBEASSIRNSEZNTHFH. FRNEEBEE.
MORKE. PARK. TARE. ZFEMYESLZTALT TREEANES., HAF
e XA RHMTRIEPEES — IS 5F3 8 RMmA T RBENEEARZ —,

HReRF2EERTFELRIBIIMEAREREANIRIER, BTFAENG
FrFlEsh, BIMELES). BEDAA . XRE. KEEZx1%E. FBEHRIEBHAR
BEEBIIES M X KA —EEaR (Checklist) SKIKEBHY.

DEBINEAF, FEARIMREPPFIEIEANEE (WEXK6-2-1) |
BFAFNEBHR DA NS, SF2 Y (achieve 15 A L), Y-A 25 22 E),
Y-A-L (35 AL ) or Y-A-L-E 45 L E). EIATHEIEESAZRTHND
KB T/ ZCNAMBEBAAA . T IIRIE BB . ERAXNIET IR GG
RIRE ) BRANRA TS, TLE AT LURIEERE KA T #5404 BB 1A E W 1R
B GEANER HETDTHZE, "GEINBFE W AT DRRER, H54
BmS5EA. MEEE. BREEFINE. sRMAS . f1W FHMsh R TE
AEEm NSRS, HEFERSTX—IURINEIIEEFHEREEFREA,
ER, SHRYTPHSRERRNREMER. &5 TRSELRIISRIETR
AR R B A TE R RS BRI DA G AT M AR SRS,

EXENMIEBAR. TEZAILUR—AXZR—AHKEMERDANE, BALIE
—HBIEA— 1 BU—RTHEUTAR=EFHNIIEAR.

HA NG RZERIIRAH RIS RIEE

E%k 6-2-1 B4R
(ElJR  https://ehs.yale.edu/green-lab-certification)
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3. HtbizAr

BRTEENR, BERXFERRECEMZERMNITRFELRES, flU, &6
J&5) (Green Event). £ 3LLG (Green Labs) FIZx B 1A E (Green Athletics), 2k 7G5
INIEFERAN KRB AR RA LR T HFE MRS XA T, XA FRFEMEERD
BE TRk, REFHAFMEHAETE. FEENFIHRANLFNBILEES
S5ZENASERAUAR ) FETEEINE, ZFEIRE iﬁfﬁ%%?ﬁ]‘Tﬁ
SERIBNERE ) FEEBEUERE/NASEMN, A8 M2HR, BIIIMRIEESE

—WLHI SRR A TR I ABA

= W

5Pk

[1]Green Certifications | Yale Sustainability[EB/OL]. [2020-06-19]. https://
sustainability.yale.edu/take-action/green-certifications.

[2]Green Laboratories Certification | Yale Environmental Health & Safety[EB/OL].
[2020-06-19]. https://ehs.yale.edu/green-lab-certification.

[3]Homepage | Yale Sustainability[EB/OL]. [2020-06-11]. https://sustainability.yale.
edu/.

[4]Yale Sustainability Plan 2025.pdf [2020-06-11]. https://yale.app.box.com/s/xagi
53fbqvpklkv31zdebe8rilgt3box.
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3 uBC

1. B&=HA

1990 £, REIFFH LT A% (UBC) X2 THRILE= Y (The Talloires
Declaration) , RE TR TaMTRIMNESI TESRHPEE TR A RX .
1997 5£, UBC i h B —FIEMEAXB I HLM LR ITHSR, 1998 F£, UBC
A E—FAE T REMRIINER. B, 2R TFIREM LRSS
AN\ ERMAE!E (B6-3-1) . 2019 F, UBC & (RHEITE%EHE)
*® (Times Higher Education) HINSIETMWHTHBPMIFIE—,

Y REILET, XEFAAFPESNES. BAEHEE, RENERAN, AFRFTRELEREL
HREXW X, BRAZERET 1990 &£ [KF¥EXRBEREAGLENAL] BEFRF LT,
HR2HA¥RKEFTEFRALAAREENE S, Wit ERA, TEEXRELE, & 2003
1K, 2HRIEF 28 FAFSEHE,

Y (EZBELHEHFEY (Times Higher Education, f#k THE) , ZR— R XEHKW FE£HFMT, %8B
TEEFHFHRAFHLREA NN T ANBAFHRELZ—,
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R+t X
CAMPUS +
COMMUNITY
PLANNING

CEAIVEINEYS
ENERGY & WATER
SERVICES

2

WELLBEING

YNTZ IR
EQUITY & INCLUSION

vEAIvE
RESEARCH GROUPS

AR RS

SUSTAINABILITY
OFFICE AT UBC
OKANAGAN

HifiliZig

INFRASTRUCTURE
DEVELOPMENT

BRIEE
BUILDING
OPERATION

6-3-1 UBC T &It R R IT ST P T ARERI)
(BB : https://sustain.ubc.ca/about/who-we-are)
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ractive Research 1.

6-3-2 UBC TJ#F4E & B%E1TR] (BJR | https://sustain.ubc.ca/teaching-applied-
learning/sustainability-scholars-program/how-it-works)

2. IR R RFEL RGN

JRSERFEL TN (EERLIITR) & UBC —HRIFHEMIE . &
WA RE SRAMITREMESEIFEMECY, TRZEARZE TG
BLENAMHARIE, EHABMXANTHEELRE, 5, RMBERET
UHFEARAARDNE, BFTEREN. YEMm. ZEXW. 8. SED.
ZFEER. BESERHE. £V HEMRESS., TR AFZARMET
ZH5IRMIENTHELIVES, EASRALR 7AEN SIS FE4 FER LA
HREELRE.

O E AHMAE

LRI RARNAREME T EFRRIE, L@ EA15-21 F, T
PERTHT 250 B 500 /NN, HARBEAS/NE 25 NH . ZHEEVAESID
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HENANFE SILECAISE S A TR RN TEN®. &k 2020 £, 5 UBC &1ERIN
#3746 BC Hydro,. Translink. Vancouver Coastal Health. SE&F{EBIFT. ANFIEH X B
AR LA UBC #BI). A UBC IR R RFE, LIEBNSS 53N IER:
RE e TRECAM R CER T TR B A EEr BB AZE TR
RERF WV EG  FELAFRNERE | FEEEREHAEE. ALXIRES. wit.
LHEMATAE | BB, $I1E CIS thE %,

QU B MR

HALIMBITREMRE, LIEFTEEFESHTORIE, BRXELENETR
MR, HEIRFEARFEDERIARE (Sustainability Scholar Project Library)

REb N

Adapting to Sea Level Rise in Vancouver's Employment Lands

This project aims ta identify best practices in planning for sea level rise for employment lands in the City of Vancouver,
including industrial and port lands. Includes a summary of tools and approaches found in the literature and used by
other jurisdictions including land use/regulatory taols, engineering, financial tools, econemic resilience planning, multi-
stakeholder engagement and public awareness and education. Implementation considerations and recommended
next steps are provided.

Partner: City of Vancouver
Keywords: climate and renewables, green economy, healthy city

Built Environment & Mobility, Climate Change & Energy, Policy, Economics & Governance | UBC Sustainability Schalars
report | PDF | 2019 | Author: Halina Rachelson

Estimating greenhouse gas emissions from food: A case study on the City
of Vancouver's food procurement practices

This project assesses the GHG impact of the City of Vancouver's food procurement practices and identifies policy
priorities, considering other municipalities' work and equity challenges associated with implementing changes within
institutional food provision. This analysis suggests that the most effective GHG emission reduction strategy is a dietary
shift away from meat, particularly beef and pork, but strong partnerships with stakeholders are required to
understand existing inequities in choices among clientele

Partner: City of Vancouver
Keywords: climate and renewables, lighter footprint, local food

Climate Change & Energy, Policy, Economics & Gavernance | UBC Sustainability Scholars report | PDF | 2019 | Author:
Poushali Maji

Measuring the Value of Vancouver's Circular Economy of Food

This project advances Vancouver's Circular Economy of Food (CEF) by answering two questions:

1. Which indicators best track the valorization of waste?
2. What is the economic value of our local CEF?

An AHP survey was designed and distributed to a panel of CEF related professionals. The results validate two KPIs
from a set of indicators. The CEF's economic value for the region of Metro Vancouver is calculated and an initial policy
& action plan presented.

Partner: City of Vancouver
Keywords: green economy, local food, zera waste

Climate Change & Energy, Policy, Economics & Governance, Production, Consumption & Waste | UBC Sustainability
Scholars report | PDF | 2019 | Author: Dionissios Batistatos

6-3-3 THFEEABFETER/RZRE (KR | https://sustain.ubc.ca/teaching -
applied-learning/sustainability-scholars-program/project-library)
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@sefl - JERE

2019 F, THFEA RS E Halley Sveinson 7T H & E{K#H BC Housing HIFE S
TS5 7L, FEHRTIZINERSE (E6-3-4) . ZikETRILH TR
7 BC Housing B NI IR ERA, AT 7 BT IR 2N (£ B sERHEF
BBERER, T TP R,

DEVELOPING ENERGY EFFICIENT
RETROFIT STRATEGIES TO ACHIEVE
GREENHOUSE GAS EMISSION
REDUCTIONS IN BC SOCIAL HOUSING

This project identifies the barriers of energy conservation measures through case studies. Strategies are
currently being developed by BC Housing to determine the most impactful energy conservation
measures that can achieve the Clean BC 50% greenhouse gas emission reduction target. Increasing the
building envelope's R-Value, switching to an air source heat pump fuel source, and ventilation upgrades
are impactful strategies for deep energy savings.

Partner: BC Housing
Keywords: green buildings, GHG reduction

FILE DOWNLOAD
1 2019-44 Developing Energy Efficient Retrofit Strategies Sveinson.pdf

TOPIC
Built Environment & Mobility

Climate Change & Energy

AUTHOR Halley Sveinson
PUBLICATION TYPE UEC Sustainability Scholars report
YEAR OF PUBLICATION 2019

6-3-4 358 : TERSE (Halley Sveinson\ )
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[1]Developing Energy Efficient Retrofit Strategies to Achieve Greenhouse Gas
Emission Reductions in BC Social Housing[EB/OL]. sustain.ubc.ca, 2019-09-25. (2019-
09-25)[2020-06-11]. https://sustain.ubc.ca/about/resources/developing-energy-
efficient-retrofit-strategies-achieve-greenhouse-gas-emission.

[2]Project Library[EB/OL]. sustain.ubc.ca, 2019-11-28. (2019-11-28)[2020-06-
11]. https://sustain.ubc.ca/teaching-applied-learning/sustainability-scholars-program/
project-library.

[3]Who We Are[EB/OL]. sustain.ubc.ca, 2019-01-15. (2019-01-15)[2020-06-11].
https://sustain.ubc.ca/about/who-we-are.

[4]Teaching & Applied Learning[EB/OL]. [2020-06-11]. https://sustain.ubc.ca/
teaching-applied-learning.

[5]https://sustain.ubc.ca/teaching-applied-learning/sustainability-scholars-

program/how-it-works
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4

1. B=HR

2008 fF, LM AZLH TZRNE—MNITFELRTINTL, (2008 F
AREERTTN)  ZTHRE T =ENKER, BRETHRDBESEHME,
SHEBRPAOMSHEET. REMHEX B, £F = Bir—SRRET. R
HREFH, EMRETWMRENE T IZRN—BeIE I E—— REEAN R =5
‘Campus as Lab” (JEEFR CALIHH]) , BOHELRX—EBEENERAIRE.
R, B,

B 2008 Fig, EMETMAZH KE—m™  FLEEITR" (fFF% - CALITRI)
FEAAMBIRR T (FE AR EEAD THEAREARTNMRIEE, £F,
EMEFTUA 7 2008 EfTEITRIFNEM AT (2019 EURELBITENTR) |
ZATRITIES T B A B AR (B 6-4-1) FNHES 7 LARETIA S 2046 BrFNE
tr (& 6-4-2) , EIFEHEIZARER 300 BEZFR.

TARGETS
Campus emissions (metric
tons CO, x1000)

2008
2019
2020
2026

2046 | NET ZERO*

*Targets reflect CO5 equivalence (COze)

6-4-1 BARETIA S 2046 R pANI ) (R M Baseline
https://sustain.princeton.edu/sustainability-action- . E”{renfrperfirmance
plan/ghg-emissions) ki
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N BT
s fn W womkm [ TETEAT W s e
KEH RS H

FESLAEY R W RN R D R
AR W EE NN [ AR AE T RREE
WS s R WK 71

6-4-2 EMETRFE 2019 F1H IR B FIN T FE L R B iR (8897)
(ElJR - https://sustain.princeton.edu/sustainability -action-plan)

2. KR HSELI =1 “Campus as a Living Lab” (CAL i)

ORBFIRZE 5

CAL Tt B F AR EASEA THFEL ROBANLEE, F2EBUEEBEE]
MERESERH LB R R, THETWA CALITRIE =, MEMEEEE
E#AE BT, RIS S PRt R AR TEII R R E . Lt X
AT SR B Hh Ay O] 5L

@RlFF A

CAL TR EMETIM MR E B T oI RELERMRIFAERERBE TR 2
FIALS . 125 E PRREREMA I E B E T R U ARTHNEFF LI 7 BEFRA
WHEH » A, FREFR T —MERESOAMESEIBEEE, BT
DI 5 T sh SUFAN 2R R T i (& 6-4-3) o
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ORI HHE

ZIE R EREEMNEHET T BSET. 61, & 6-4-4 PE2EMETIA
Aarav Chavda, Kirk Robinson, Benjamin Sorkin B1BAZE CAL 11X HI1R BRIt A
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FILTER 1%

Keyword 5213 Action Area TT5/3USl  Discipline F13

Apply Filters

SITRERAKERPORMEDHMN A E R R RKE R HEY
Analyze microbes present in campus stormwater runoff and make recommendations about stormwater management
practice that could improve runoff quality.

ACTION AREA: 17T/ 304E] -

Stormwater Management, Healthy Habitats Fﬁ?ké@%?ﬁ ) 1@%*@ ,%.iﬁ’,

piscipLINg: F ) . )
Chemistry, Environmental Studies, Molecular Biclogy 'ft?, %fﬁﬁﬁﬁ?. ﬁ?ifmﬁ

BERICEARIN TS AR
Apply game theory to sustainability challenges.

ACTION AREA:
GHG Emissions, Water Usage, Stormwater Management, Design & Develop, Healthy Hahitats, Alternative Commuting, Purchasing & Waste

DISCIPLINE:
Computer Science, Psychology

6-4-3 EMHTIAF CALTTRIBEIE S ENRIBANRIIEE R (&

J& . https://sustain.princeton.edu/campus-lab/research-questions)
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6-4-4 LFREFIRA S Aarav Chavda, Kirk Robinson,

Benjamin Sorkin fYIRE——B I E SN
(EJ& © https://sustain.princeton.edu/campus-lab/research)
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,;?" Sustainability Princeton University Energy Heat Map Energy Use on Campus  Explors Campus as a Lab  Naed Help?

6-4-5 EMRETIUA AR E 82 EHE (EVR  https.//pufac.maps.arcgis.
com/apps/webappviewer/index.html?id=354ef8489e0a4b8cbc41120060f
bad54)
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1]http://hydrometeorology.princeton.edu/.
2]Campus as Lab[EB/OL]. Office of Sustainability, [2020-06-20]. https://sustain.

—

princeton.edu/campus-lab.
[3]Campus as Lab Research[EB/OL]. Office of Sustainability, [2020-06-20]. https://
sustain.princeton.edu/campus-lab/research.
[4]Monitoring Stations[EB/OL]. Google My Maps, [2020-06-20]. https://www.
google.com/maps/d/viewer?mid=1bWLRbG5Hx6QALZjtUSHNeoMEI9o.
[5]Office of Sustainability[EB/OL]. [2020-06-20]. https://sustain.princeton.edu/.
[6]TigerEnergy: Campus-wide Energy Data from Princeton University's
Sustainability Office[EB/OL]. [2020-06-20]. https://tiger-energy.appspot.com/home.
[7]https://sustain.princeton.edu/campus-lab/research
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Chapter |
Campus Low—-Carbon Planning Strategy

After the large-scale construction and development at the end of last century and
the beginning of this century, the main development concerns of domestic colleges
and universities have changed from "quantity” to "quality”. In addition to the application
of technical measures such as water and energy saving to campus buildings, more
and more universities have begun to interpret low-carbon campus construction from
the perspective of overall campus planning in more comprehensive aspects. The
development of university campus is restricted by various factors such as campus
environment, so the low-carbon transformation is not only an issue of campus greening
or the green transformation of a building, but also a systemic issue involving whole

campus environment and various factors.

As It is mentioned in the Guidelines for The Construction Management and
Technology of Conservation-oriented Campuses (Implementation),when pursuing a
"conservation-oriented campuses”, people should consider all energy conservation

and environmental protection measures in an overall way within the whole life cycle
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of campus facilities, satisfying the dialectical relationship between campus functions
while paying attention to the unification of social benefits, economic benefits and
environmental benefits. Its key work includes: establishing campus energy conservation
supervision system, paying great attention to the campus building energy conservation,
strengthening campus conservation education. In the US, the Sustainability Tracking,
Assessment & Rating System (STARS) evaluates the school's sustainability on several
aspects of academics, engagement, operation and Planning& Administration, followed by

awarding the school with medals of different grades of platinum, gold, silver and copper.

This chapter focuses on the overall program of the campus and presents three cases
of relatively complete and systematic low-carbon campus planning strategies from the
aspects of the overall form, structural layout and hardware facilities of the campus. The
three cases include Georgetown University, International Campus, Zhejiang University

and Tianjin University.

Case 1: Georgetown University

Georgetown University regards sustainability and artificial growth as the core
principles of its overall plan for 2036, and uses the "Campus Plan" (2017-2036) as
guidance of its sustainable development for the next 20 years . At the same time, the
school also collaborate closely with the Georgetown Community Partnership (GCP) to
ensure that a high-quality life is maintained in the shared community.

Since 2009, all new buildings and major renovations of Georgetown University
will meet the LEED environmental design standard of the US Green Building Council,
reaching the silver level or higher. Among them, 75% of construction waste in the SCS
College Park is transferred from landfills. The John Thompson Inter-School Sports
Center (TAC) collects roof runoff to save rainwater for reuse, as well as adopting green

roofs to provide habitat for wildlife and thereby minimize the urban heat island effect.
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Leo's'Donovan Dining Hall at Georgetown University has worked on many
aspects of the dining plan, including reducing waste, reducing water and resource

consumption, increasing sustainable food and reducing carbon footprint.

In terms of transportation, Georgetown University encourages alternative modes
of travel to replace cars. Doing so can not only reduce the financial costs associated
with parking and maintaining cars, but also benefits personal health by increasing daily

activities such as walking and cycling.

In 2006, Georgetown University President John J. DeGioia promised that by 2020,
the school's greenhouse gas emissions would be reduced to at least 50%. In 2014, the
school's greenhouse gas emissions has been lower than it was in 2006 more than 71%
through purchasing green electronic certified renewable energy. It is remarkable for
achieving the goal ahead of schedule. Since then, the school has continued to invest
a series of energy-saving measures, which save at least 3.3 million kilowatt-hours of
electricity and 82,000 MMBtu each year [ Representing one million British thermal units,
one million British thermal units. Btu refers to a unit for calculating heat used in Britain,
the United States and other countries. It is equal to the heat required to increase the
temperature of 1 pound of pure water by 1F (1° F=5/9° C temperature difference). ],
equals to reducing 5,500 metric tons of carbon dioxide or planting more than 140,000

new trees.

Case 2: The Haining International Campus of Zhejiang University

The International Campus of Zhejiang University was completed and put into
operation in 2017. The school site was in the wetland area on the east side of Haining
city. On the north side of the park lays the Xuzhimo Wetland Park, and on the south
side is the Juanhu Wetland Park. Coupled with the east-west river green belt and the

wetlands that pass through the campus, the campus is surrounded by wetland and
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lake scenery. The design and construction respond to the concept of low-carbon style
and sustainability. Through the planning of green transportation, the use of renewable
energy, the adoption of low-impact stormwater management systems and key green
building technologies, a green, low-carbon, comfortable and healthy environment has
been created for teachers and students.

The International Campus has solved the problem of difficult parking for campus
visitors and faculty members by reasonably planning the campus motor vehicle driving,
parking, and pedestrian transportation system, and so eased the pressure of the
people current during peak hours. For example, in the core area of the campus,300
meters of walk only takes 5 minutes, and within the entire campus, a 10-minute
walk can reach a distance of 600 meters. In addition, a 1.5-kilometer wind and rain
corridor is set up between the school hospital on the north side of the campus and
the southern teaching area, some of which are topped by solar photovoltaic films. This
corridor not only provide shelter for teachers and students, but also supply the solar

power generation produced in day time the grid and used for campus lighting.

In the campus design of the International Campus, different energy systems are
used according to different types of building functions, and they are set up according
to different needs of various functional areas. According to calculations, the current
design of total application of renewable energy in International Campus is 6690000
(kwh/a), and the actual installed capacity is 3.23 times than the standard for renewable

energy for civil buildings in Zhejiang Province.

The International Campus is located in the water-sufficient area of Zhejiang
Province, the many wetlands inside and outside the campus provides considerable
water resources. Therefore, in the design process of the campus, the principle of

ecological priority is followed, the concept of low-impact stormwater management is
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implemented, and natural approaches and artificial measures are combined. On the
premise of ensuring the safety of urban drainage and waterlogging prevention, the
collection, penetration and purification of rainwater in urban areas shall be achieved
to the maximum extent, and the utilization of rainwater resources and ecological
environmental protection shall be promoted. After the rainwater on the roofs and
roads is collected, discarded and filtered, it is discharged into the central lake, and then
pumped to the rainwater collection machine room for purification. After the treatment
is completed, they are used for toilet flushing in the teaching area and outdoor green
watering. Among them, rainwater and lake water are treated for greening and watering
and road washing. The daily water consumption for greening and road watering is
237m3/d. The daily water consumption for toilet flushing in the north teaching area
is 41m3/d. Non-traditional water sources are reused daily The total amount is about

278m3/d, and the non-traditional water source utilization rate reaches 15%.

Case 3: Tianjin University

In March 2010, Tianjin Government and the Ministry of Education signed a joint
construction agreement to initiate the construction of the new campus of Tianjin
University. The new campus will become the main campus of Tianjin University with
complete facilities. The site is located in the Haihe Education Park between the central
city of Tianjin and the core area of Binhai New Area. It has 30,000 students witha
total construction area of 1.3 million square meters. The new campus adopts the
construction ideas of one-time planning, segmented construction, and reasonable
layout to build the new campus of Tianjin University as a "demonstrative green campus

and a research platform for sustainable development campus”.

The "integrated whole system concept” of the new campus construction
research includes: (1) Energy saving: reduce energy requirements, determine the best

building energy saving design requirements, and create an energy-efficient campus



SHRMBARERILESR | 165 |

environment: , (2) Emission reduction: reduce carbon emissions while promote the use
of energy and renewable energy; 3) Water cycle: Establish a landscape system with a

water cycle system as the main body.

Beiyang Park campus adopts the construction concept and method of "sponge
city" in landscape engineering, which is a typical case of systematic application of
"sponge city" concept. In the planning and construction of the campus, it is adhering
to the stormwater management strategy of "safety management as the priority
and resource utilization as the ssecondr”. Based on the overall plan, a macroscopic
framework of multi-level and partitioned stormwater management system has been
constructed. On this foundation, with full consideration of the site conditions, functional
positioning and landscape atmosphere of different districts, low-impact development
measures for the specific conditions of each district are proposed, and they are closely
connected with the existing and planned river and lake systems, and are included in
the municipal pipeline network and overflow. The design strategy of close coordination
with the flow system has established a complete, efficient and green ecological campus
sponge system. At the same time, during the construction process, the school makes
full use of green building technologies such as optimization of envelope structure,
natural lighting, energy recovery system, solar energy system, and high-efficiency

energy-saving system to maximize energy-saving effect.

The construction was designed in cooperation with the University of California,
Berkeley. The UCB enjoys an advanced reputation in the "Whole System Concept”
research. Through cooperation, Tianjin University has used mature sustainable
development technologies in the construction of the new campus to integrate energy,
water and waste, etc., in the same time used various energy-saving, emission-
reduction and renewable energy methods to continuously recycle resources., aiming at

energy independence, zero emissions and water recycling.
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Chapter Il
Ecological Compensation Strategy

Eco-compensation is a variety of rules, incentives and coordinated institutional
arrangements aimed at protecting and sustainable use of ecosystem services and taking
economic means as the main means to regulate the interests of stakeholders, promote
compensation activities and mobilize the initiative of ecological protection. In the narrow
sense, ecological compensation refers to a series of activities such as compensation,
restoration and comprehensive treatment for the damage caused by human social and
economic activities to the ecosystem and natural resources and environmental pollution.
In a broad sense, ecological compensation should also include financial, technical, in-
kind compensation and policy preferences for residents in areas where development
opportunities are lost due to environmental protection, as well as scientific research and
education expenses for enhancing environmental protection awareness and improving
environmental protection level.Examples in this section include Harvard University and

Duke University.
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Case 1: Harvard University

For a long time, researchers at Harvard are helping people understand and
respond to climate change. At the same time, student associations are also taking
action. In 2016, Harvard University completed its 10-year goal-although the campus
area has increased by 12%, the greenhouse gas emissions on the campus have been
reduced by 30%. Based on this, Harvard University has formulated a more ambitious,
science-based climate commitment, which provides a blueprint for transitioning to a
greener, fossil-fuel-free future, and provides opportunities for teachers and students
to directly participate in actions to combat climate change. Support their ideas,

professional choices and actions related to climate change.

In 2018, Harvard University began to install an innovative 450-kilowatt solar
project in the Arnold Arboretum, which includes solar panels, solar awnings and large-
capacity battery packs, which is the first example in the field of higher education. The
Faculty of Arts and Sciences (FAS) completed the installation of a new 100-kilowatt
solar array on the connected roofs of Vanserg and Shannon Hall. In addition, Harvard
University Housing (HUH) launched a 425kw on-site renewable energy installation in
Alston.

Harvard University's New District Energy Facility (DEF) in Alston has adopted a
more efficient low-temperature hot water distribution system and built the largest heat
storage tank in Massachusetts. The heat storage tank is similar to a huge battery, which
will produce and store chilled water during non-peak hours of electricity consumption.
At this time, the electricity cost is lower and the pollution is usually less (because the
most polluted power plants are usually used during peak electricity consumption. ). The
stored chilled water can be used during the day when needed, reducing the burden on
the power grid during peak hours, effectively reducing fossil fuel emissions and saving

money.
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Harvard University established a Green Revolving Fund (GRF) of US$12 million in
2002 to provide funding for projects related to the design, operation, maintenance, and
residential behavior of high-performance campuses, with the intention of 5-10 years.
An even shorter payback period reduces the environmental impact of the university.
The return on investment program allows each applying department to upgrade the
efficiency, comfort and functionality of its facilities without incurring any costs. Since its
establishment, GRF has supported nearly 200 projects, including reducing greenhouse
gas emissions, reducing energy use, reducing water use, reducing sewage or rainwater,
reducing pollutants, improving operating models, teaching residents, and installing
renewable energy. These projects each year Saved more than 4 million US dollars in

energy.

Case 2: Duke University

In 2007, Duke University took the lead in signing the "Climate Commitment of
American Universities and University Presidents”, setting the goal of achieving carbon
neutrality by 2024.

To achieve this goal, Duke University, in cooperation with Google and Duke
Energy, carried out the Loyd Ray Farms project-collecting methane generated by the
decomposition of pig waste and burning it to generate electricity; and obtained the
Natural Resources Protection Agency (NRCS) Environmental Quality Incentive Program
(EQIP) and the funding conversion process of the NC Division of Soil and Water
Conservation Lagoon. The system provides carbon offsets for Duke University, and all
the renewable energy credits (REC) generated by the project have signed a project
cooperation agreement with Duke Energy. The generated electricity is either used on-

site by pig farm facilities, innovative systems, or fed back to the grid.

Since 2013, the Duke Carbon Offset Program (DCOI) has cooperated with



SRMBRERESR | 169 |

universities, municipalities and organizations across the United States to plant trees
in urban areas to generate carbon offsets. In 2015, it established the Urban Forestry
Protocol to provide references for other institutions. DCOI has developed a carbon
offset agreement that can be used as a guide for project development. The agreement

is tailored for tree planting in smaller cities.

The Duke University carbon compensation agreement for tree planting in small
cities mainly includes: carbon compensation benefits, participants, qualifications,

gquantitative carbon sequestration, project monitoring and verification.

The carbon compensation benefits of tree planting quantifies the amount of
carbon accumulated and stored in the entire life cycle of the tree, expounding the
health, environmental and economic benefits: trees reduce air and water pollution,
intercept and absorb excessive rainwater, provide animals and pollinators Provide
shade for houses when planting in the correct location; provide educational and
volunteer opportunities for students and community members to improve the health of

citizens; and reduce water and electricity bills by providing the following services.

The common benefits of cooperation specifically introduces the benefits of
tree planting carbon compensation from six parts: education, society, environment,

economy, scalability, public relations and partnerships.

Participants of the project started from the three parties of urban tree planting
(UTP) owners, operators, and maintainers, and divided the responsibilities and

distribution of benefits for the growth of trees throughout the life cycle.

DCOI cooperates with Arizona State University, Elon University, Davidson College,

Pace University and Green Mountain College to take the lead in launching 7 urban
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forestry pilot projects in North Carolina, Arizona and New York. By the end of 2017, the
"Urban Forestry Protocol” will plant more than 6,400 trees. DCOI has provided written
recommendations on how to quantify campus trees and forests to ensure additionality.
In cooperation with Delta Air Lines, more than 1,000 trees were planted in the Raleigh
Durham area.
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Chapter lli

Energy—Saving and Low—-Carbon
Design and Transformation of Single Building

Since the beginning of the 21st century, the amount of energy being consumed
by public infrastructures has been increased sharply in a daily basis. This is due to
people’s increasing expectations to the living quality, as well as the improving standard
for appearance and functions in building design. Such changes in building industry have
added burden to the fossil fuel resources that are already hitting a low storage capacity.
According to the 2015 China Building Energy Conservation Annual Development
Research Report, the total energy consumption of building commodities in 2013
has reached 756 million, accounting for about 19.5% of the country's total energy
consumption.With the relatively large gross area and strong social influences, public
infrastructures play a key role in leading the development of renovations in energy-
saving buildings in China, in which emission-control and low-carbon features are
encouraged.The energy-saving and low-carbon design of a single building is mainly
carried out from eight aspects, namely HVAC, water supply and drainage, planning
and building(architecture), structure and materials, construction management, building

electrical, operation management and renovation and innovation (innovation in
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renovations).

The rating system that is developed based on building performance and used to
evaluate whether the buildings are energy-conserving, is known as the Green Building
Rating System. The evaluation is done by comparing different aspects of the building
with the provided standards in the system. Different countries have their respective Green
Building Rating System developed based on this evaluation method, some examples
could be LEED Rating System (US), BREEAM (UK), CASBEE (Japan), Green Star Rating
System (Australia) and the Assessment Standard for Green Building used in China.
In addition, China also has the Technical Standard for Building Energy Performance
Certification, which is specifically aimed at building energy efficiency.

Examples of green retrofit of public infrastructure include NANYANG Technological
University (NTU), Shandong Jianzhu University, University of New South Wales (UNSW),
University of British Columbia (UBC), Tongji University, Massachusetts Institute of
Technology (MIT) and Cornell University. Details for each example will be elaborated as

follows.

Case 1: Nanyang Technological University

As a Southeast Asian country with hot summers and warm winters, Singapore
attaches great importance to the development of green buildings as the main strategy
to ease the pressure on domestic resources and the environment.In 2005, Singapore
began to implement the “Green Mark” Evaluation Standard, with considerations of the
effect of local hot and humid weather conditions, which can be used as the reference
for evaluating building performance and associated environment impact for buildings
in tropical and subtropical regions. This standard is widely adopted in Singapore,
and has been promoted internationally, including China. It mainly evaluates building

performance from five aspects: energy saving, water saving, environmental protection,
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indoor environmental quality, and other green innovations.

Nanyang Technological University has become a leader in the development of
green campuses among universities in Singapore. Through the implementation of the
eco-campus creation plan for many years, With a focus on the concepts ofenergy-saving’
and 'green innovation’, the school predicts that the energy consumption indicators
of the campus in 2020 will be only 65% of the 2011 level. The school introduces and
incorporates the use of various new technologies, equipment, materials and processes
in campus buildings. By forming partnerships with world-renowned companies, the
school is able to promote the pioneering trials of green campus-related technologies
in many fields, including information analysis and building enclosure Structure, air
conditioning system, lighting system, transportation system, water resources and
waste treatment, smart grid, renewable energy, user behavior and other components.
For example, in order to make full use of the abundant local sunshine, the school
cooperated with first-tier photovoltaic companies to install a 5 MW photovoltaic
system on the roofs of new student apartments and teaching buildings, which would
help the school save about 1.5 million Singapore dollars per year in electricity charges.
At the same time, on the school has put a lot of effort in scientific research regarding

the emerging technology of flexible perovskite solar cells.

Case 2: Shandong Jianzhu University

The 14th chapter of the "13th Five-Year Plan for Housing and Urban-Rural
Development”, which was promulgated in August 2016, clearly pointed out that
demonstration projects regarding construction of green buildings shall be established
in an efficient manner. Such projects should be aimed to take place at different climate
zones, and act as the leading roles in promoting energy-efficient infrastructures.
Shandong Jianzhu University took this opportunity to implement a green building
concept in its Teaching and Experiment Complex, by practicing from four aspects:
prefabricated technology system, passive technology system, indoor comfort control

technology, and renewable energy utilization technology.
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The Comprehensive Laboratory Building Project, that utilized the Green
Fabrication concept, is the first passive building with ultra-low energy consumption
and steel structural assembly in China. It is also one of the first batch of passive ultra-
low energy consumption green building demonstration projects in Shandong Province.
On March 30, 2017, the project has passed the inspection conducted by the German
Energy Agency and the Science and Technology and Industrialization Development
Center of the Ministry of Housing and Urban-Rural Development. This project provides
scientific basis and data support for researching suitable technologies for prefabricated

ultra-low energy buildings in cold areas.

The Green Prefabricated Comprehensive Laboratory Building Project is located
in the new campus of Shandong Jianzhu University, which is on the west side of the
Science and Technology Museum and the south side of the Library and Information
Building. The building uses steel structure, ALC wall panels, truss laminated panels,
prefabricated stairs, etc, and the assembly rate is as high as 90%. The building was
designed by giving a full consideration of its entire life cycle, with a focus on energy
saving and ecological aspects. The goal was to ensure minimal resource consumption
during project development, while adopting the concept of “passive technology” as the
primary design principle. In addition, the interrelationship among people, nature and
architecture was considered during the design so that the proposed building could

best adapted to the surrounding environment.

At the preliminary design stage, considerations regarding natural environment
and weather conditions were given to evaluate if such factors would affect the design
proposal. It is essential to adjust design measures to the local conditions, so that

unnecessary work could be avoided.

In order to achieve the goal of ultra-low energy consumption, the building adopts

several advanced building technologies including envelope structural system with
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high thermal installation, air tightness guarantee technology, efficient fresh air system,
indoor comfort control technology and independent temperature and humidity
control technology. The specifications of these technologies have been far beyond the

standard requirements established for public energy-saving infrastructures.

Based on the constraint values given by the Energy Consumption Standard for
Civil Buildings (GB/T51161-2016), the project has saved 203622.3 kWh for non-heating
electricity use, and 58.9 tce for coal-burning heating usage. The total savings in energy cost
has reached 151,000 Yuan, and 251.7 tons of COZ2 emission reduction has been achieved.

The environmental benefits brought by this project has been greatly appreciated.

Case 3: University Of New South Wales (UNSW) Tyree Energy
Technologies Building (TETB)

Figure 3-3-1 Tyree Energy Technologies Building (TETB)

Named by one of the most famous school alumni Sr William Tyree, the Tyree
Energy Technologies Building (TETB) acts as the gateway to University of New South
Wales and education center for undergraduate students and graduate engineering

students. The building consists of five stories, with one underground. Key design
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features contributing to the rating include use of fly ash in the concrete, a tri-
generation system, 1,100m2 of roof mounted photovoltaic array,a solar hot water
system, use of groundwater together with rainwater capture and reuse, mixed mode
natural ventilation, and air conditioning including underground thermal labyrinths for

pre-treatment of incoming air, displacement air deliver, and high levels if outside air.

The design of TETB has met energy and environmental standards. By facing
north, the office has benefited from the natural shadows of the existing trees. It adopts
a high-performance shell that has a double-layer glass, which allows maximum
sunlight penetration and minimizes solar thermal load. At the same time, fixed external
terracotta sun-shading blinds are used as part of the building's external wall to avoid

direct solar heat gain while ensure the control of internal glare.

TETB has a tri-generation system with a power of 800 kilowatts that uses natural
gas to generate electricity. The waste heat is then absorbed by the chillers to produce
hot or chilled water. The design goal of the tri-generation system is to reduce carbon
dioxide emissions by 55%, and it is connected to the campus power grid together with
the 150kwp photovoltaic array system. Under current conditions and internal load,

TETB outputs electricity to the campus grid during the daytime.

The installation of the tri-generation system is not only to provide services for
TETB, but also to export electricity and chilled water to surrounding buildings. This
ensures that longer operation period of the system, meanwhile maximizing its technical
benefits in carbon emission reduction. In addition to the ttri-generation system, TETB

also provided 1,000 square meters of photovoltaic energy.

Due to the comprehensive and excellent design concepts the TETB has won

multiple awards including the 2013 Sustainability Category-Randwick Urban Design
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Award, the 2013 World Environment Day Award, the third place in the Los Angeles
Green Dot Award 2013 and was granted for the 6-star Green Star Design Level by the
Australian Green Building Council.

Case 4: The University of British Columbia(UBC)

The University of British Columbia (UBC) is located in Vancouver, Canada With 18
colleges and nearly 50,000 students, UBCis one of the most famous higher education
institutions in North America and enjoys an international reputation. The school has
always been committed to undertake sustainable development through education
and operations.It also has a Sustainable Development Research Center that focuses
on research topics regarding long-term effects of sustainable design. There are 200
people working in the Sustainable Development Research Center, and they come
from different disciplines, such as Applied Science, Psychology, Geography, Forestry,
and Business. These researchers from different academic backgrounds work closely
together to achieve the integration of sustainable development research and practice
at the university. The University of British Columbia aspires to become the lowest-
emission school among the world's leading research universities. And its goal is to
reduce carbon emissions by 33%, 67% and 100% respectively in 2015, 2020 and 2050,

based on the standard emission requirements established for Vancouver schools.

The Centre for Interactive Research on Sustainability , located in Vancouver, and
is one of the key projects supported by the “Ecology Laboratory” program of the
University of British Columbia. Since its establishment in 2011, this research center has
attracted many researchers from public, private, and non-governmental organizations
to cooperate and carry out research to achieve the sustainability goal in a quick
manner. In the early stage of the project, the goal was established so that it is not
only satisfying "low negative environmental impact" or "higher energy efficiency”, but

also looking at becoming the university's first LEED Platinum building. The project
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aims to be recognized by "Ecological Building Challenge” standard and become a
new benchmark for other projects to surpass. Now that the project has obtained the
LEED Platinum certification by going beyond the the requirements, the certification of

"Ecological Building Challenge" is still in progress.

The project has successfully achieved the goal of reducing energy load by
usinghigh-efficiency and energy-saving building envelopes, passive design strategies,
user zone control and energy-saving equipment. Multiple systems are used in a
comprehensive way to serve different needs of the building and to achieve efficient
energy use. The heat recovery system is used to capture waste heat resources from the
ventilation hood of the nearby building (Earth and Ocean Science Research Building),
and the waste are transported to the heat pump inside research centre the to further
produce energy. The heat pump will heat and cool the research center building

through the radiant floor heating system and the displacement ventilation system.

This building is expected to become an international center for research,
cooperation and action on sustainable development. Topics would cover the design
and operation of green buildings, environmental policies, and community involvements.
The central building itself provides a platform for test in and demonstrating building
technologies. ltcan be used as a laboratory to research about new knowledge

regarding construction and maintenance of sustainable buildings.

Case 5 : Tongji University

Tongji University is one of the initial energy-saving pilot universities in China.
In 2007, on the occasion of its centennial anniversary, Tongji University introduced
green technology during its campus construction and renovation. The application of
energy-saving, water-saving, and talent-saving technologies to the construction and

maintenance of campus buildings achieved remarkable results and won the attention
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and recognition of the society. For example, the renovation project of a historic building
named Wenyuan Building was exactly a demonstration project of the energy-saving
campus in 2007. After the renovation, the building could save 65% of energy, which
far exceeded the national performance standard of 50% for public buildings at that
time. In 2008, with the joint efforts of Zhejiang University, Tsinghua University, Tianjin
University, Chongging University, and Shandong Jianzhu University, Tongji University,
as the leading unit, compiled the first "Technical Guidelines for the Construction and
Management of Energy-saving Campuses in Colleges and Universities" to propose
specific ideas and action plans in promoting the construction of green campus
in China. In the same year, Tongji University completed various programmatic
documents, such as the construction of Campus Energy Management System (CEMS)
for colleges and universities, and the technical guidelines for management. In 2009, at
Tongji University, the Ministry of Education, the Ministry of Housing and Urban-Rural
Development, and the Ministry of Finance jointly held a working conference on China’s
energy-saving campus, which started the call for the construction of an energy-saving
campus. In 2011, Tongji University co-founded the "China Green University Alliance"
with 9 universities and participated in various international conferences in the following
years to share experience and advocate the higher education to cope with global
climate change. It can be seen that Tongji University has a pivotal position in the zero-

carbon transformation of domestic campuses, and it can also offer many experience.

Located in Tongji University, Wenyuan Building was built in 1953 and has a total
construction area of 5500 square meters. As a provincial-level protected building in

Shanghai, the particularity of Wenyuan Building determined its tailor-made energy plan.

Advanced intelligent control system is a necessary and effective means for building
energy saving. All equipment used for refrigeration, heat dissipation, dehumidification,

and solar shutters are controlled by the central system. The temperature and humidity
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detection would be adjusted according to the real-time situation of the indoor room.
At the same time, the air volume is adjusted according to the concentration of carbon
dioxide in the return air and the outdoor humidity, and the operation status and fault
report are detected by the camera system; the solar shutters is controlled by the solar
detector installed on the roof. According to the feedback of the detector, the indoor
light will be adjusted accordingly. This intelligent control system for buildings based on
real-time weather and using parameters offers buildings with practical functions and
provides unigue experimental functions for the following development.

In addition to the above technologies, the reconstruction of Wenyuan Building
also applied the cold radiation ceiling technology, and technologies for roof garden,
solar power generation and rainwater harvesting, which is expected to achieve
comprehensively 65% energy saving in building operations.

Case 6: Massachusetts Institute of Technology (The David H. Koch Institute
for Integrative Cancer Research)

The David H. Koch Institute for Integrative Cancer Research is not only the first
shared home at MIT for life scientists and engineers to fight against cancer, but also
the first research laboratory to achieve Gold Certification in Leadership in Energy and
Environmental Design (LEED).

What sets the Institute apart is the ventilation and lighting design of the
building. Ventilation is a major source of energy consumption in research
buildings. A key area in the building includes about 100 fume hoods that "pump"
contaminated air away from the researchers. The building design team intended
to actively conserve energy without compromising the health and safety of the
researchers. With an open space in the campus, the architects were able to make
the most of the heat and light from the sun. The team also adopted a lighting
strategy: fixed horizontal shadows and light racks reflected sunlight onto the
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ceiling of the space, bringing ambient light deeper into the space and reducing
reliance on electric lights. Most of the public spaces are located on the first floor
and illuminated by halogen lights. Due to the nature of work and the sensitivity of
equipment in a space, special lamps are required in laboratories, MRl rooms, and
darkrooms. All of these lighting systems are controlled by Lutron lighting control
panels and dimmers .The control system uses photovoltaic cells, sensors and time
controls to optimize energy consumption, equivalent to a 16% reduction in energy
consumption baseline.

After almost a year, the total structure of the institute of 357,000 square feet
with more than 25 college laboratory and hundreds of researchers used high power
equipment and consumed less energy than expected: the peak demand for electricity
is expected by the engineer to be 14.6W per square foot, but the actual amount is
3.8W per square foot; In the coldest days, the steam is expected to heat up to 35,000
pounds per hour, while the actual heat is about 20,000 pounds per hour. The building's
maximum cooling demand is actually 2,354 tonnes of ice water, compared with the
3,350 tonnes predicted by engineers. The building's total energy consumption is
reduced by more than 30% compared to a standard laboratory building.

Case 7: Cornell University

Cornell University, located in Ithaca, New York, USA, has a rich practice in building
green buildings. For example, the Comell University Weill Hall, a life science and
technology building, adopts double walls and roofs, aluminum tower, the wind tower,
skylights and ceiling fabric. It is the integration of functional planning, technical systems,
coordination, and sustainability, thus having long been regarded as a truly unique
landmark and gateway to the campus.

The passive dormitory at Cornell University’s science and technology campus is
270 feet (82.296 meters) tall and with a total of 26 layers. It can be called the world's
highest passive energy saving building’. With special design, instead of actively
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inputting power from the grid, the indoor heating, can be supported by "passive
source” heating including orientation, size, heat preservation, heat recovery, passive
solar energy utilization, sunshades, and eliminating thermal bridges. With very little
power consumption, it can keep the room temperature about 25C°, all the year round,
thus greatly reducing the energy consumption of winter heating and summer cooling.
Because of the air flow and wall insulation, there is little dust in the room, and objects
can be protected from dampness and mold infestation. Thanks to an efficient energy-
saving system, it can reduce 8.82 million tons of carbon dioxide a year, equivalent to
planting 5,300 trees.

The hot desert climate of the New York State, USA allows summer temperatures
to reach more than 100 F° (38C°), so the building has double walls to protect it from
the heat. The exterior walls are made of fiberglass reinforced concrete slabs designed
to absorb heat. A three-foot gap separates the exterior wall from the interior insulation,
and a high-performance double-walled enclosure with a porous glass facade can
maximize energy efficiency. Windows are shaded to filter the sunlight, and ceiling
fabrics further disperse light, helping to enhance office views and interior comfort.
Exterior walls and vertical aluminum tower shutters screen several small windows,
minimizing calorie intake. In the courtyard, three 80-foot wind towers are used to
guide the cool breeze inside the building.

The Weill Hall consumes 40% less energy than a building of the same size and
function, and is one of six laboratory buildings in the United States to receive LEED
Gold Certification.

" Through architectural design, passive solar building can make full use of the solar heat to keep warm

in winter, decreasing the heat loss caused by structure and ventilation as far as possible by maintaining
infiltration. In summer, the building can minimize the heat caused by solar radiation as well as indoor
people and equipment. Without the use of machinery and equipment, it is an environmentally friendly
building that completely depends on strengthening the barrier function of buildings to keep a comfortable
indoor environment.
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Case 8: Schwarzman College, Tsinghua University
This case is co-edited by the secretariat of the Global Alliance of Universities on
Climate (hereafter GAUC).

The Schwarzman College is located at Tsinghua University, one of China's most
prestigious universities. Schwarzman Scholars Programme selects young scholars with the
highest academic credentials and leadership accomplishment and prepares them with
Chinese and international perspectives. The design of the Schwarzman College building
is led by Robert AM. Stern, former Dean of the Yale School of Architecture and founder
of Robert AM. Stern Architects (RAMSA). The building shows a combination of western
architectural features and Chinese garden styles, providing a multicultural academic
environment for scholars worldwide. Every college function, such as education and

research, accommodation and entertainment, has been included in one single complex.

l

LECE
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The Schwarzman College building was certified “two-star” of the China Green
Building Label (GBL) and Gold level of LEED. It paid special attention to and raised strict
requirements on indoor air quality, water quality, energy-saving and etc. Apart from that,
the Building Management System (BMS) and Energy Management System (EMS) have

made energy monitoring possible. A few sustainable designs are illustrated below:

1)Lighting system

The building collects daylight and meanwhile meets different needs for different
scenarios, such as meetings, presentations, and discussions. The subsystems of the
building are all controlled together, ensuring harmony of users’ convenience and energy-

saving;

2)Air conditioning and air purifying system:

The air conditioning system adopts a different path variable flow system. By
installing the static balance valve on the return pipe of the air conditioning box, the
pump frequency only needs to be turned on at 32Hz and 30Hz to meet the design
flow demand. After the hydraulic balance system is debugged, the pump can save 40%
energy. When it comes to air purification, the building is certified by RESET, an air quality
monitoring standard. The building collects data on different indicators of air quality on
a cloud-based system so that all the scholars and users of the building can easily have

access to the data.

3)Energy Management System

The College’s Energy Management System integrates cutting-edge information
technologies such as Building Information Modeling, the Internet of Things, and 3D
interactive technology. Schneider Electric’'s EcoStruxureTM platform are integrated

through Internet Technology (IT) and Operation Technology (OT). By connecting
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individual devices on one platform, operators can collect key data, conduct analysis,
and optimize the system in a timely manner. The Energy Management System (EMS)
can monitor energy consumption via PowerMonitoringExpert, identifying possibilities for
further energy-saving, analyzing, and predicting energy consumption. The combination
of the two realizes the monitoring and optimization of energy, ensures an efficient and
interconnected operation of the college building, and lays a good foundation for future
improvement of the quality and efficiency of the college. All these technologies have

opened up new opportunities for Schwarzman College in automation and digitalization.
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Chapter IV

Calibration and Update of Equipment
System for Energy Saving

Greenhouse gases, such as carbon dioxide, contribute to the continuous warming
of the earth. It has become the consensus of all mankind to deal with climate change,
mitigate greenhouse gas emissions and advocate low-carbon life. Under this consensus,
low-carbon buildings have become one of the focus after green buildings and
sustainable buildings. In the application of low-carbon buildings, the commissioning
and updating of the equipment system is a crucial link. The energy saving equipment
system requires the use of natural forces to meet the heat sources needed for air
conditioning and hot water supply, take into account the anti-mildew and hot water
supply of buildings and use renewable energy and energy-saving household appliances
as much as possible. By using these systems, energy can be directly saved and carbon
emissions can be reduced. It can also convey relevant information to building users, raise
their awareness and behavior in energy conservation and emission reduction, change
their original high-energy-consumption life pattern, achieving low carbonization of the

building.
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In this part, universities mainly choose and apply energy-saving and high-efficiency
equipment systems to improve energy use efficiency and reduce carbon emissions.
The following cases include University of Melbourne, McMaster University, University of
Toronto Scarborough Campus (UTSC), Brock University, Jiangnan University, Zhejiang
University Zijin'gang Campus, China University of Petroleum (East China).

Case 1: University of Melbourne

The University of Melbourne is the first University in Australia to achieve a green
Star Community rating of 1, and its Parkville campus received a 6 star Green Star
Community certification from the Green Building Council in June 2017. It is the first and
only campus in Australia to receive a six-star green Star community rating, and the first
in the country to focus on its nitrogen footprint.

The University of Melbourne is committed to making the transition to carbon
neutral on campus by 2030, achieving zero net emissions from electricity consumption
by 2021, and promoting a reduction of 20,000 tonnes of carbon emissions on campus
by 2020.In 2019, the school launched Smart Campus Energy Upgrades (SCEU) program
to make on-campus buildings noticeably more efficient and increase their Energy
efficiency.This includes nine energy innovations covering 60 buildings on the campus
with a total investment of A $45 million.The SCEU program is expected to save 18 to
25 GWh (gigawatt hours) of electricity per year on campus, equivalent to saving 19,000
to 26,000 tons of carbon dioxide emissions per year, or approximately 15% of direct
greenhouse gas emissions.

The University of Melbourne Utility Report Database provides electricity
consumption reports for each university building.This will help departments, faculty,
and departments understand their electricity consumption over time and develop
effective strategies to reduce their university-wide carbon footprint.The database has
the ability to generate flexible reports, including summarizing multiple buildings over
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a specified period of time.The database covers all utilities: electricity, gas, steam and
water.

The university of Melbourne's vision is to contribute to society through enriching
and changing life.To achieve environmental and social sustainability;To achieve
significant reductions in carbon emissions, water and energy consumption, the
Sustainable Development Team focuses on further energy conservation and emission
reduction, energy supply transformation and renewable energy development, aiming
to expand the University of Melbourne's leadership position in campus sustainability.

Case 2: McMaster University

McMaster is one of Canada's leading research universities dedicated to promoting
human and social health and discovering the well-being of the arts and sciences.The
school focuses on sustainable development in energy, water, waste management,
health and well-being, transportation, education, etc.

Over the past few years, McMaster has completed LED lighting retrofitting of
many buildings with remarkable results in energy cost control and facility retrofitting.
Overall, the campus reduced greenhouse gas emissions by about 800 metric tons,
according to the Sustainability report.

One of the key technologies to achieve sustainable development of McMaster
University is the reverse debugging of ventilation technology.Reverse commissioning is
a deep energy retrofitting that can improve the ventilation system and equipment in a
building.For example, when laboratory air quality is up to standard, the system reduces
air flow to maintain comfort;When demand increases, the system enhances laboratory
safety by improving the flow of fresh air.Because the system delivers air only where
it is needed rather than the whole facility, it can save a lot of energy.The technology
is expected to save McMaster 866,000 kWh in electricity bills per year, 259,000 cubic
metres of natural gas per year, and 760 tonnes of carbon dioxide equivalent per year
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of avoidable greenhouse gas emissions.

McMaster University is committed to reducing energy consumption, implementing
energy conservation programs and improving energy efficiency.

McMaster's facility Services LED lighting has been successful in campus stairwells
and hallways by improving lighting in student housing buildings, using more efficient
LED bulbs to save energy, and maintaining lighting to make bulbs last longer.On top of
this, more lighting improvements were implemented in nine student housing buildings
completed at the end of 2016.The estimated annual savings in electricity consumption
are approximately 985,000 kWh and the annual averted greenhouse gas emissions are
estimated at 123 tonnes.

Case 3: University of Toronto Scarborough Campus (UTSC)

In 2018, the University of Toronto joined the University Climate Change Alliance
(UC3) : a group of leading North American research universities dedicated to reducing
greenhouse gas (GHG) emissions on campus and in communities.The University of
Toronto has pledged to reduce greenhouse gas emissions to 37% below 1990 baseline
levels by 2030.

In 2020, the University of Toronto was nominated for one of Canada's greenest
employers, a national recognition by the Best Employers Program in Canada.The
University of Toronto has been nominated for Canada's greenest employer six times,
receiving a total of $8.5 million in green Revolving Funds.Over the past decade, the
school has reduced its emissions of more than 55 kilotons of carbon dioxide equivalent
(eC0O2), saved more than 1.25 billion liters of water (the equivalent of 500 Olympic-
standard swimming pools) and saved more than $30 million in utility costs.

In order to meet the goal of reducing greenhouse gas emissions, the University
of Toronto will reduce the use of natural gas and clean energy and employ capture
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carbon strategy. In the next five years, it plans to increase the production of renewable
resources on campus through low-carbon solutions such as solar energy and
geographic exchange technologies, combined with energy recovery, high-performance
building design and optimization of existing facilities.

At present, the University uses the Strategic Investment Fund to modernize 20
research facilities.Its four major air handling systems have been upgraded through a
variety of energy-saving strategies, including dedicated outdoor controls, demand-
controlled ventilation, and heat recovery measures.Since 2016, the school has installed
more than 100,000 LED lights, saving enough electricity each year to light more than
2,000 homes.These new lights dim as much as 20 percent when left idle, and turn on
100 percent when someone enters.The ground-source heat pump system currently
under construction in the south campus has a rated capacity of 1,115 kW and is used
to replace natural gas for heating.lt is also planned to build a distributed energy system
in the north campus.The move is expected to reduce greenhouse gas emissions by 605
tons per year.

In the future, the University of Toronto will continue to contribute through its
research, teaching, operations and outreach activities to the advancement of climate
change science and the provision of concrete actions and public policies to respond to
action.

Case 4: Brock University

Brock University is a comprehensive university with its campus located in the
United Nations Educational, Scientific and Cultural Organization (UNESCO) Biosphere
Reserve (BR).The school is committed to exploring ways of regional economic
growth and community development and insists that environmental sustainability is
fundamental to all activities.

Over the past few years, Brock has made remarkable achievements in
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sustainability.According to the requirements plan for Greenhouse Gas Campus
Renovation (GGCRP), the school successfully realized the education of saving and
reducing greenhouse gas emissions, environmental sustainable management and
sustainable development, and enhanced the vitality and economic competitiveness of
the regional community.

The renovation of equipment and systems is the focus of energy conservation and
emission reduction at Brock University.Brock University increased energy awareness
and energy-saving design by leveraging and strategically sourcing energy and carbon
offsets through the operation and updating of existing equipment (cogeneration
engines, variable frequency drives, efficient pumps and motors, etc.).At the same time,
the school has also upgraded the lighting of the building, with nearly 700 T8LED lights
or metal halide fixtures and lamps replaced by energy-efficient LED lights, saving
59,105 kilowatt-hours of energy per year.

The school supplies cold water from the central area's energy cycle to the plaza
building and shuts down the chiller on the plaza, saving about 435,000 kilowatt-hours
of energy per year.Variable frequency drive devices (VFDs) have also been installed on
air handling units and pumps in many buildings to save energy.School has also carried
on the back to residential boiler installation, change the valve, make the building 100%
of the heat from the district heating circuit[ loop electrical, heating and hot water
system is a term commonly used, is to go back, forming a channel. In heating, a two
for one pipe to form a go back to the channel, so form a loop.] and shut down the
electric boiler and feed pump.

The school is retrofitting its existing cogeneration plant with next-generation
equipment to dramatically increase energy efficiency, reduce greenhouse gas emissions
and reduce the campus carbon footprint. The new equipment will be 16% more efficient
per kilowatt-hour and 14% more efficient overall. This will save schools 3,209 tons of
greenhouse gas emissions per year, equivalent to 686 cars per year.
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In the future, Brock University will continue its efforts to identify and implement
energy-saving technologies for both regional energy systems and satellite sites,
seeking to integrate current practices in sustainable design and construction, and to
adapt existing technologies as the market and industry evolve.

Case 5: Jiangnan University

Jiangnan university incorporated the ideology of smart campus construction
into energy regulation, takes advantage of its multidisciplinary subjects including
informatization, control engineering, communication engineering, computer
engineering, industrial design, and environmental engineering, practice and innovate
independently, and develop the “digital energy regulation platform for conservation
campus” based on the technology of the Internet of things.

In the construction of the new campus of Jiangnan University, intelligent electricity
meters with data acquisition function and other instruments were adopted consciously
and directly. After years of construction and retrofit, the campus has been installed
nearly 20000 various types of sensor monitory point, circuit, water supply pipe network,
substation, VRV central air conditioning, fission air conditioning, lights, security
and digital real-time traffic such as a comprehensive and integrated management,
monitoring coverage above 90%, including water, electricity remote metering rate
reached 99%.

Jiangnan university digital energy regulatory platform construction adopts the
model of unified planning and step-by-step implementation, using 1 + 1 + N + M
scheme, namely a system platform, an energy services portal, N service subsystem
and Mobile terminal (Mobile), the mode of combining energy management goal is
to become clear data "fuzzy" concept, in the process of implementation of different
people, and to information management and multi-channel interaction, provides a
more scientific decision support for managers.
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The application of "digital energy regulatory platform™” has produced huge
economic benefits. In 2017, the total amount of scientific research in Jiangnan
University is 4.95 times that of 2006 , and the total amount of equipment is 4.43 times
that of 2006, the number of fission air conditioning also increased to 4.16 times in
2006. In this case, the net disbursement of all the utilities remains at 16 million yuan,
and annual net spending of hydropower has increased by 1.37 times. Compared
with colleges and universities across the country with similar size, Jiangnan University
maintains a high level of energy efficiency and low utility cost according to the
calculation, compared to the "11th five-year plan” and the "twelfth five-year" period,
the school accumulated saving utilities spending nearly one hundred million yuan,
The effect of energy conservation and emission reduction is remarkable. This change
not only realized the school energy saving and efficiency increase, but also made a
contribution to the local energy saving and consumption reduction work At present,
the school's annual expenditure on water and electricity is controlled within 3% of the
school's daily expenses (including staff funds, public funds, scientific research funds, not
including capital construction expenses).

Case 6: Zijingang Campus of Zhejiang University

Zhejiang University is a prestigious institution of higher education with a long
history. It is located in Hangzhou, a famous historical and cultural city and a scenic
tourist attraction in China. The eastern part of Zijingang Campus of Zhejiang University
was officially opened in October 2002, and the construction goal of "modernization,
networking, gardening and ecology" has been preliminarily realized.

Based on the practice of reforming the heat source of student dormitory hot
water system in Zhejiang University, the effectiveness and promotion prospect of
energy tower heat pump auxiliary solar hot water system in student living hot water
system training are summarized according to the regional climate conditions. After the
implementation of the renovation project, the domestic hot water system of Lantian



| 194 | @IREERERFLES

Academy has reduced the loss of the original steam pipe network, directly reduced
the energy consumption through the use of high-efficiency equipment, and saved the
labor management cost through the perfect automatic control system, thus greatly
improving the energy saving efficiency. Based on the operation data of the hot water
system of Lantian Student Apartment in 2009 and the maintenance cost invested in
the steam hot water system, it is estimated that the project will save 1.13 million yuan
per year. The economic benefits of the transformed domestic hot water system in
Lantian Academy are reflected in three aspects: first, the loss of the original steam
pipe network is reduced; second, the energy consumption is directly reduced by the
use of high-efficiency equipment; third, the perfect automatic control system can save
management labor. Based on the operation data of the hot water system of Lantian
Student Apartment in 2009 and the maintenance cost invested in the steam hot water
system, the project is estimated to save 1.13 million yuan/year after implementation,
and the static investment recovery period of the project is 4.4 years (based on the total
number of 6,000 people in Lantian School District).

This project provides a reference case for the planning, design and construction
of hot water supply for nearly 200,000 square meters of students in the second phase
of Zijingang Campus of Zhejiang University, and provides a new energy-saving and
reliable technical route for solving the centralized domestic hot water supply for
students’ apartments, hotels, hospitals and other places in this province.

Case 7: China University of Petroleum (East China)

Under the guidance of sustainable development, China University of Petroleum
(East China) actively builds "green campus"”, and advocates extending environmental
education to the overall education and management of the school, not just confined
to the classroom. At the same time, we should build a bridge between the school and
the community, strengthen the cooperation and connection between them, and truly
guide the practice of sustainable development.
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In 2016, China University of Petroleum (East China) actively participated in
the compilation of "Smart Campus Evaluation Standard (GB)" and "Guidelines for
Green Campus Energy Conservation Adjustment” organized by the Building Energy
Conservation Science and Technology Department of the Ministry of Housing and
Urban-Rural Development, and took the green campus implementation achievements
of China University of Petroleum (East China) as the standard construction foundation
to carry out the evaluation.

China University of Petroleum (East China) uphold the the idea of combining
systematism and informatization, safe operation and economic operation, energy-
saving and equipment update, project construction and personnel training control all
the heating and cooling system establish a remote central control platform, control the
whole process from the source to the end. School according to the characteristics of
construction operation using Internet + information technology to build energy-saving
monitoring, management and control platform, through the running state of HVAC
for remote monitoring, monitoring of the actual heating/cooling effect and automatic
optimization of operation parameters adjustment, maximize operating management
automation level. At the same time, it shares data with the energy supervision platform,
and establishes the operation data platform, which is a scientific, safe, and standardized
energy conservation technical means for building energy consumption diagnosis,
energy conservation operation and maintenance.

After the HVAC system of the school building is reformed to save energy, it can
save about 18,000 GJ of heat and 538,000 kWh of electricity every year. According to
the unit price of heat of 82.67 yuan /GJ and unit price of electricity of 0.55 yuan /kWh,
the energy management department of the school can reduce energy expenditure of
about 1.78 million yuan per year.
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Chapter V

Alternative Applications
of Renewable Energy

Energy, environment and economy are the three elements of human social
development. They integrated with each other, and together constitute the big system
of human economic and social development. Energy is an essential driving force for
economic and social development. On the one hand, economic growth depend on
the support of energy, that is, energy promotes economic growth; On the other hand,
sustainable development of energy must be based on economic growth. As global
energy demand continues to surge and fossil energy extraction declines, alternative
applications of renewable energy will become increasingly important. For example, the
use of wind and solar energy to achieve sustainable power generation will become the
trend. In July 2020, the European Commission launched the strategy for the integrated
development of the EU energy system, In the same time promoted the establishment
of industrial alliances in several key areas such as clean hydrogen energy and batteries.
The French government's national Energy 2030 plan says it will continue to increase the
Amount of renewable energy in its electricity supply, especially wind power, in order to

achieve the energy transition.
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In 1992, China formally submitted the Report on Environment and Development
of the People's Republic of China to the United Nations Conference on Environment
and Development, which clearly put forward the viewpoint of realizing sustainable
development. Since then, China has taken sustainable development as an important
guideline and strategic goal in the deployment of various work. On September 22, 2020,
President Xi Jinping proposed at the 75th Session of the UN General Assembly that
"China will increase its intended nationally determined contribution, adopt more forceful
policies and measures, strive to peak its CARBON dioxide emissions by 2030 and strive to

achieve carbon neutrality by 2060".

This part mainly uses renewable energy to replace traditional energy and achieve

sustainable development. The following cases include Ball State University and Tongji

University.

Case 1: Ball State University

Ball State's commitment to sustainability is reflected in its mission statement
(participation in the Talovares Declaration, the American University President's
Commitment to climate, the Climate Leadership Commitment).By engaging students in
educational, research and innovative activities, the school enables graduates to enrich
their careers through lifelong learning and service, making their lives more meaningful
while contributing to the economic, environmental and social dynamism of their

communities, countries and the world.

Ball State University is committed to protecting and improving the environment
through learning, research, service and administrative operations, seeking to build a
community that maintains an ecosystem and educates in environmental awareness, local
action and global thinking. Recognizing that sustainability planning will be an evolving
practice, the school seeks to incorporate environmental principles and environmentally
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responsible practices as an essential component of all operations and plans. The school
was named one of the 50 coolest schools by the Sierra Club in 2014;Received gold
STARS rating from the Association for Sustainable Development of Higher Education in
2015;Made the Princeton Review's Green College Honor Roll in 2018.

In a tradition of innovation, Ball State University is building the largest geothermal,
closed-loop geothermal energy system in the United States that benefits both the
economy and the environment. When the system is fully operational, universities will be
able to turn off the boilers, reducing their carbon footprint on campus by nearly half.
The system will heat and cool 47 buildings, reduce nearly all greenhouse gas emissions,
improve building efficiency and energy exchange between buildings, and save $2 million
a year.

The implementation of this system proves that the geothermal energy combined
with ground source heat pump technology can be used in large area distribution
systems. Since geothermal energy is available in every state, the environmental and
economic impacts are felt across the country.

Case 2: Tongji University
"Shanghai International Design Project”: Transformation of FAW Bus Garage into
new Office Building (2011)

The former FAW Siping Road parking garage is located in Yangpu District, Shanghai.
Built in 1999, it covers an area of more than 40,000 square meters and can accommodate
1,000 buses. It was the largest three-dimensional bus parking garage in Shanghai urban
area. After adjusting university layout in Shanghai, the parking lot of FaW Siping Road was
replaced with the Hudong campus of Statistics University and put under the ownership of
Tongji University. At the beginning of the second century, Tongji University continues the
architectural life of FAW parking garage, realizing the creative transformation.
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Figure 5-2-1 Tongji University New Office Building (Photo source:
Tongji University Architectural Design and Research Institute (Group)
Co., LTD. New Office Building Guide)

The transformation is based on the three floors of the parking garage, adding
two The roof part of the old building is arranged according to the solar optimal height
Angle to array monocrystalline silicon, polycrystalline silicon and thin film amorphous
silicon solar photovoltaic panels. The additional part uses the zigzag roof combined with
various forms of solar photovoltaic panels to obtain efficient sunlight Angle. The facade
and additions of the old building use gray thin film amorphous silicon solar panels|
Amorphous silicon solar cells are devices that convert light energy into electricity through
the photoelectric or photochemical effect.] with a 20% transmittance which in place of
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the traditional shielding materials so that the multi-functions of aesthetics, shading and
power generation are realized. According to a tour of the new office building of the
University's Architectural Design Institute, the total installed capacity of solar photovoltaic
panels reaches a peak of 630 kW, with an average annual generating capacity of about
535 milliwatt hours, which can reduce carbon dioxide emissions by 566 tons per year.

The project won the Gold Award for architectural Creation of China Architecture
Association in 2014, the Gold Award for architectural Design of four places on both
sides of the Taiwan Straits in 2013, the first prize for Creative Design of "Gold Innovation
Award" for Young Architectural designers in Shanghai in 2012, and the 8th Far East
Architecture Award.
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Chapter VI

Advocacy and Activities
on Sustainable Lssues

Since the United Nations Declaration on the Environment emphasized the idea of
sustainability in the context of higher education, the sustainable campus planning has
received increasingly extensive attention around the globe. The Stockholm Declaration
(in 1972) was recognized as the first attempt in which the sustainability rationales was
introduced to the platform of higher education. Following the Stockholm Declaration
are the Talores Declaration (in 1990), the Halifax Declaration (in 1991), the Association
of University Leaders for a Sustainable Future (in 1992), and the Swansea Declaration (in
1993), which all made remarkable efforts and attempts pertaining to the sustainability
development in universities. While aiming for advanced improvements in campus
sustainability, these declarations and advocacies encompass the topics ranging from
campus operations to community engagements. Nowadays, a huge amount of
universities around the world have signed these declarations and practiced them in their
campaigns. The advocacy and education on sustainability can not only effectively raise
the environmental awareness among the students and faculty, but they also enhance the

implementation of sustainability agenda around the nations. China, as well, recognizes
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that founding the green campuses is a vital manifestation of sustainable ideologies in
higher education. Since Tsinghua University initiated ‘Demonstrative Project on Building
a Green University'in 1998, many Chinese universities started to follow this “greener

campus” trend.

This section primarily discusses how sustainability advocacy and campaigns promote
the public perception of sustainable development in universities. The cases include Swiss
Federal Institute of Technology Zurich (Switzerland) , Yale University (US), University of
British Columbia (Canada), and Princeton University (US).

Case 1: Eidgendssische Technische Hochschule Ziirich (ETH Ziirich)

Eidgenossische Technische Hochschule Zirich (ETH Zurich) was the first to establish
the Environmental System Science Department among all European universities. The
sustainable development principles playing important roles in all school departments,
ETH Zurich has integrated them into four modules: research, education, campus, and
social communications. The ideologies of sustainability even perpetuates the decision
making by the administrative offices of the university. Sustainability was listed as one of
five priorities of the school's strategic and Development Plan in 2017-2020. ETH Zurich
also completed its Sustainability Assessment Report (later referred to as the "Report”),
which then won the 2018 SwissEthics Award.

The report is developed by a combination of the Global Reporting Initiatives (GRI)
and Sustainable Campus Charter of the International Sustainable Campus Network(ISCN)
, and it echoes the UN Sustainable Development Goals (SDGs) for the first time in the
2017-2018 report. The greenhouse gas emissions (GHG) accounting system at ETH
Zurich invokes the GHG Protocol, which measures and reports six greenhouse gases
under the Kyoto Protocol---carbon dioxide (CO2), methane (CH4), nitrous oxide
(N20), hydrofluorocarbons (HFCs), total carbon fluoride (PFCs) and sulfur hexafluoride
(SF6). GHG Protocol specifies three scopes for the GHG measurement and reporting: in
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addition to the emissions from campus operations, the electricity purchases and business
trips are also included.

The report sets out a series of concrete and measurable targets for 2017-2018.
It includes 41 targets in 15 broad categories, most of which are set by the school's
Environmental Committee (i.e. energy, waste disposal, etc.). These quantifiable goals play
essential roles in baseline testing and progress monitoring.

Case 2: Yale University

In 1900, Yale University established the first College of Forestry in the United
States, which not only trained the first group of forestry workers, but also initiated an
environmental movement that combined civil construction, waste management, energy
generation, scientific research, and teaching that together shaped our modern concept
of environmental protection and education. The Yale School of Forestry was renamed the
Yale School of The Environment (formerly Yale School of Forestry and The Environment)
in 2020. In 2005, Yale University officially established the Campus Sustainability
Department, which is responsible for developing and coordinating campus sustainability
strategies. Four years later, all of the constructions in Yale campus have been deferring
to the sustainable building standards. In 2012, Yale's greenhouse gas emissions were 16%
lower than in 2005.

The Yale Climate Change Initiative has also been made applicable to local
communities through a set of guidelines, which broadens the target group to staff,
faculty, and people not associated with the school, not just the students. Yale University
believes that the change of individual mindset and behavior is a fairly important
component in thinking of societal efforts on climate change, in addition to the
improvements of the infrastructure. Therefore, Yale has been offering a wide range
of programs and campaigns that appeal to the broader public, encouraging more
involvements around the local communities. The school has given specific guidance
on green commuting, paper waste reduction, water and energy saving, sustainable
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consuming, and so forth.

Yale University has developed multiple versions of "environmental certificates” that
apply to different scenarios or activities, such as campus events, offices, laboratories, and
sports. Certificates are issued by the school's sustainability department, which makes
participants coming from various backgrounds feel more engaged and rewarded, and
encourages more effective individual and team participation.

Case 3: University of British Columbia

In 1990, the University of British Columbia (UBC) signed the Talloires Manifesto and
decided to incorporate and highlight the concept of sustainability in universities under the
Ten-Point Action Plan. UBC became the first Canadian university to adopt a sustainable
development approach in 1997 and then, in 1998, the first to establish a sustainability
department. Currently, the school's approach to achieve sustainability is coordinated by
eight school departments together (Figure 6-3-1). In 2019, UBC ranked first in ranking of
climate devotions by Times Higher Education.

CAMPUS +
COMMUNITY
PLANNING

RESEARCH
GROUPS

SUSTAINABILITY
OFFICE AT UBC
OKANAGAN

ENERGY & WATER
SERVICES

INFRASTRUCTURE
DEVELOPMENT

WELLBEING

EQUITY & BUILDING
INCLUSION OPERATION

Figure the 6-3-1 UBC sustainable development policy in the main
branch (photo source: https://sustain.ubc.ca/about/who-we-are)
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The Internship Program for Sustainable Development Scholars (referred to as the
Internship Program later) is an innovative flagship program at UBC. By pairing graduate
students with the sustainability partners, the Internship Program enables the scholars to
conduct hands-on research projects to promote sustainability around the communities
and nearby regions. The topics of the research projects involve climate adaptation,
local food products, green consuming, transportation, zero waste, green architecture,
greenhouse gas emission reduction, biodiversity, health, and so forth. This Internship
Program not only provides students with opportunities of research and internships
with payments, but also connects students to mentors who are able to support them
academically and professionally.

Case 4: Princeton University

In 2008, Princeton University published their first plan on sustainable developments,
the Sustainability Action Plan of 2008. The Plan clarifies three major goals: reducing
greenhouse gas emissions, saving natural resources, and encouraging environmentally
focused research, teaching, and community engagements. On the third goal
aforementioned, Princeton introduces an innovative project “Campus as Lab” (CAL),
which aims to incorporate the notion of sustainability into school's teaching and research.
Since 2008, Princeton university's CAL program has allowed students and faculty to use
the campus as a research laboratory for cases studies regarding sustainability. In recent
years, Princeton university has released the 2019 Sustainable Development Action Plan,
which was built on the 2008 action plan, and set out more detailed goals (Figure 6-4-1).
One of them is the Princeton 2046 carbon neutral Goal (Figure 6-4-2), which is expected
to happen in the same year the university celebrated its 300th anniversary.
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TARGETS
Campus emissions (metric
tons CO, x1000)

2008
2019
2020
2026
2046 | NET ZERO*

i i ) . *Targets reflect CO; equivalence (COze)
Figure 6-4-1 Timeline for the Princeton

Sustainability Action Plan (Aim at Net Zero for B Baseline
2046)(photo source: https://sustain.princeton.edu/ B Current Performance
sustainability-action-plan/ghg-emissions) & Future Targets

Increase Area Under
Enhanced Design and Develop
Stormwater Responsibly
Management

Reduce Green House
Gas Emissions to Net Reduce Water Usage
Zero

Increase Commuters
Cultivate Healthy and Using Alternatives to
Resilient Habitats Single-Occupancy
Vehicles

Reduce Waste and
Expand Sustainable
Purchasing

Figure6-4-2 : Proposed Approaches to Achieve 2019 Princeton Sustainability Action
Plan(photo source: https://sustain.princeton.edu/sustainability-action-plan)
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Students and staff can use the campus database for scientific research and
education projects, including campus energy database, campus energy heat map,
campus hydrometeorological database, campus food purchase data, campus satellite
information, campus waste database and campus natural habitat information. The
campus energy heat map was developed by three alumni in 2015, it was also an output
from a course final project and the CAL project.

Currently, Princeton university is conducting four CAL projects led by students and
professors, covering topics such as investigating campus kitchen waste composting,
unsustainable palm oil products used on campus, and reducing ambient air pollution
through technology.
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Epilogue

In 2007, a group of ambitious and zealous fellows gathered together to establish
the China Youth Climate Action Network (CYCAN). Their mission is to empower Chinese
youths to seize the opportunities and tackle social challenges posed by climate change
and energy revolutions. From attending the United Nations Climate Change Conference
in Copenhagen in 2009, to witnessing the Paris Agreement adoption in 2015, CYCAN
has been diligently exploring the approaches that lead to a carbon-neutral future.
Despite the resistances and challenges along the way, we see a great amount of young
people joining and fighting with us, who are so determined and hard-bitten in their
efforts against the environmental threats. 2020 is a strange and hazardous year, where
the global COVID-19 pandemic has permanently switched the outlook of human living
conditions and lifestyles. Though we are still working on the battle with the COVID-19
virus, there already seems to be endless conversations and worries around the question
“where the post-pandemic era will take us to?” At the meantime, we should be aware
of how the impending global climate crisis just resembles this brutal pandemic, in terms

of their impacts to our entire human civilization and our swift social developments.
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Imagine a wildfire that spans for days and even months, a drought that brings agonizing
crop failures, an extinction event of a species that used to thrive in Amazon, a drowned
town near the coast, and so forth. These ongoing tragic losses around the world often
feel distant and irrelevant to us. However, there will be eventually a moment of our
turn to endure these violences and costs, because the climate impacts evolve like grim
pandemic that is only less rapid and less predictable. Note that in our prosperous social
developments, the majority of the manifestations by the environmental problems still
remain at the stage of “flickering warning light,” but we should not be negligent to any of
the signals the nature sends us. Instead, we should be eternally reflecting upon what we
do.

Climate Change is a global issue, so world-wide collaborations is the key. China,
taking on huge responsibilities, has taken the lead to promise on transformations
with regard to energy usage and carbon profile. Universities, as a miniature of urban
communities and the hub for well-educated future leaders, should become the pioneers
and exemplary models for low-carbon transformations. They should be continuously
boosting the impetus for eco-friendly transformations in the context of cities and the
nation. Many domestic universities and the ones abroad have developed myriad of
advanced tools and approaches while undergoing their low-carbon transformations.
These tips and tools should be invaluable resources and support for the rest of Chinese
universities to conduct their own transformations. In this manual, here unfolds the cases
studies of the low-carbon universities around the world, which will discuss the outcomes
of the renovative attempts on campus planning, infrastructure renewing, and green
policy making. These experimental strategies and unique cases will undoubtedly become
the guidance and driving force for the eco-friendly transformations in a broad range of

Chinese universities.
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If this manual inspired you as a reader, prompted the first steps on low-carbon
agendas, or advanced the existing carbon-neutral progresses, then its mission would be

well-accomplished.

We are sincerely looking forward to seeing you in our sustainable future!
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