DESI GN STRATEGI ES ON THE OPEN PUBLI C SPACE
HOUSI N&OM THE PERSPECTI VE OF CARBON EMI SSIC

A DARCH PROJECT SUBMI TTED TO THE GRADUATE
UNI VERSI TY OF HAWAI 61 AT MUNOA I N PARTI AL F
REQUI REMENTHEFORGREE OF

DOCTOR OF ARCHI TECTURE

May2 020

By
Tian Feng

DAr Commi tt ee:
Clark LI ewell yn
Yi ru Huang
Andy Kauf man

Keywords: HAtsondPabbi(p&a e, Carbon Emission Re:q
i ncome Clbmpue,hensi ve Carbon Emission



ACKNOWLEDGMENTS

Fi odtlll ,wi sh to express myhesifoteéoewi agppeocipdti

hel ped me undertake this research

MyUHMs uperGliasrokr L eweglali y@aneamec our adguermenngt t hi s
research

MyTonpgipesroYiir waHghidéeari cat efdors vepvperdmyst sd e pt
stage

Mycommi tt eAndemKKgufmanhi s gesddgenii dmgle an d
Hy ou-dugnRar, k Pu aMiKle o Wd roy ektir n d ncehsesl pan.n UHM

Theln,woul thalnikk & htep f @g 1 owwh gt t heir support a

project could not have reached its goal

Nati onal Key R&D Program of China (2016YFCO07Y

Nati onal Natur al Science Foundation of Chi na

Fi nall | wi sh t @ emyc kinaonwfllieyglt r omgport anfdhegyr eat |
keme goijamngd ptnoipewcchhdt have been possible with



ABSTRACT

The rapid expansion of <cities not only accel
Chinasdbausaeb problems such as the pressure o
l i ving envirmacmomemntg.r olhgew mo st v utl mee rvatbhd lee osncecsi
is the most direct bearers of the commssequenc
of t henclooned] sshetatli es the open public space
explores its ndarstocn aé nphsssdgaddieteav, pamdpecti ve

guality evalwuation of affordable housing.

This study resssapcbhes welkee tbalkabpen public sp
and car bomwtimiiszsimg | iteratmresofetswiaorre, hsi mMalt
field research, and questionnaire survey. Or
t he opexipapcuebladf affordabl e hiorucsgamggyl, ctamd ome e
emi ssi on, expecting to pfoafdernal Badiaded , o
nowadays, with the emphasis on emission re
transf oreadad mtni aolf design from the context 0

emi ssion to some extent.



After | itehiag upemepEmRwlidetwgb ytsi c al and soci al c
i mpacttheepeh publ i c space gaorpeeapmelo@f pungehl ger
of affordable housing in Shanghai, aiming t
open publiclesphgecenabopentbé& affDhededtlaei |headusi
prototypiedoree etgpouddl piech o pfaicredo dd wtysotuhAeftger t h

preliminary design strategies for open publii
Finally, al enshvonugf tlesdgh i s done oaand istpseci f

carbon emission is calcul ated.

Thei sseshaws pphapublic space not only reduce
pl ays a significant r ealnecoime rgea aluipasi.cedetsh a ers
gi ve gui desst amdbe pirpn pafpdompepe B . I't is hoped tF
can paew dgerspective for the design of affo

for the establishment of relevant government
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CHAPTER 1. INTRODUCTION

l1ReseaBaclkground

Al ong with the rcapeckwidevemepmahnt pobdbl ems hay

prominent . Il n recent years, the severe situec
the redacbbopanemfsseion is urgent. The energy
for a | argéde peoeorongy iooanodimgti on of the whole

30%Womlidlle and time CithE gneAMbhétits mesiedemt i al buil di
China accousnlt% fionr taortoagly dbcuoinlsl@)immpdthieommef or e, it

great significance to expésosreéeaspeakmi ssion r

From the perspective ofbleemi dessiogin rmadetbitded omf,
housing can i mpr ove t-ihrec olmevi gqirgo usptsa nldaag eld od
conservation and emission reduetcomtr adidc tpil @
bet ween the growing gooidnddedquagt en ecealse lacnpdmeun

i ncome groups.

1.1.1The Current Situation of Affordahb

Af fordabl e housing in China has mhedén ndeveelnop
of policy, the trend of affordabl e hnotusi ng ¢

years. According to the dat a orfi nrge lfeuvnadnst rdaei ps



by al | fil reawredael f fodhdoaubshienage adc hak5i | RMBTo bett er
contafdlor dabldeshguosi mdpe rel evdamdbedersda@gm spec

constant exploration.

Hower |, due to the short constresea®moh perio
| oavar bon emi sarsedmldedwmct henstate of static (
of existing afChomdaplreskot si aglsit mitteead fi hn grmh
|l ack of public space, aodeihomwte gsahiit gl of ol I

i ncreasing -idreanamea @rfo U paw.

1.1.2T h e Transf or reRanteirgry fCroommumpt i on

Car bon

Il n 18WdSi,sh scientist Ahrreniusgpaopesgtdobaht
war gmi nwhi ch opened up the exploration of hum
it was not wuntil the 1990s that this issue
199t2hlkni t ed Nations Framewor k j@amvtdnyt ifoonr moun a
by the international community was officialdl
reduction was clearly defined as anieismportar
the world. Subsequently, with the 1 mpoeaanaoe

of emission reduction has been constantly 1in

The r esearscahvionfg esntearrgtgys from energy consumpt.i

to glthent atkhi nafs odndnpuwsgggd Car bon emitshse on r e



emi ssion of all greenhouse gases, including
met hane, etc. The biggest differenare |biedswveen
i n wihdeer coverage of <carbon emdarstsdmnev aMhu athi
index HdHased coymcl e. At present, the carbon em
industries in the worldfiltld z@aml ipanatwi @re iurs

way to evaluate the construction

l2Research Purpose and Meaning

1) Eixmdghoer car bon enihsepeaonpumpact sphbeuesefngf f

from the physical and social perspective

Tr adi t,i otnhael Isyet ti ng of opegnchamligiec tdhmade®rwi laln
of Wbwiel,dndgcee@mesr ating energy consumption. |
shombd be carried ouWhandarcantievdtsawvédedheot
best solution afmeoal8o rn&innyi [dairflfye r ewnhteanr bwoen st ud
probl eaor wdblad fhousionmgf, oawwes sdmo utl de nphysi cal ¢

bual sdo soci al car laas avénmeays shirovmsg hacensi deri ng.

2Provindiesstgmaftegi asf ordabl e bloblhyisn @ ad e aingln sfor

perspective

On phgsiveedl by ecal calr boinnigoimi Hee Cycl eofAssessm
di fferamtaatdyhpsspe opesppab|] ithe cur whamfgecar bo



ofaf f orhdoaubstiang b e owahliccunp lachkagnda g ut Hleorea r hb@ine i n

design.

On the social |l evel, throsgphcehebfébedrabheon
housandhariascthieesds of the tr-awmwelomacgirsoupises t
di sseputsi barward the open space design met'
the wuti loifz aotpieonn pruabtlei ¢ space and the repl ace
canfeecfti vely reduce the mobiliobyeoinreseiddemnmn

soci al carbon emissions.

SExpli otghe practical signifiloancemefgopapspubl

The design of open publ i c Isaptaecde tios cnaortb oonn | eym
but also can i mprove the |living environment
green travel and greensphawne i pmgaffdicmdh eseis b ot |
sustai nabl e ad €& voerhdoapgphicemMo roef | mportantl vy, as a
type to i mprove thencowmengroapditibesdesign
space can rel ease adhd oanfecltoomtesh ed edhe psr et sos ead | naer

which has profamana. soci al signific

l3ReseasxopeCamtdent

1) Research Area



Thi

di f

t hi

2)

The

flo

ope

S stmdyhespérospective of emi ssion reduct
l uence of the regional climate on buil d
ferences bet wgaermndi.f fTor emts uc lei motee arcrcur ac
s adiio:memai nly chooses Shanghai for key r e

vey and simulation data sources | imit the

Research Scope

resebslkcpes compéete cofs affor dalpenhguoiumd,
or, open veepdn crado fg.arMeemy, sachnhdol ar s have di
n publicl epracresse d&roah, accevadnhglitnbet Akeus

thidystoapen roof refers to the upper unshi el

ope
not

sto

n vertical gagrrdoeunn dr effl eorosr tsop atchee wrhamc h i s
compl etely enclodéedoongpdtelsatimsimepOprea g
ry -oromp) tof a buil ding which is not comp



Fi gulrOpen Roof (left), Open Verti dali ghar)den
FigureASBohoce:

Omn publwicl hsgpareirges to buil ding materials al
physical carbon emissions oftibme,)] di hgy will
change the way ressheesndsi alsec drub dmigasmisvg 4il o n s
al so change. To quantify the physical and so
affordabl sobhboBeBasghdirecitseds as the sample bui
and 5.

3) Reseanth Cont

The main contente pohfy stihciasl pcaaptebiseana reamitshsa rolno ne

emi ssion of affordable housing.

The i mpact of physicalkatatubanhGhdanpitsesroaogd 1t be
bui lldifmg Cycl e Alpseens spnebhlti ch asvpea ca@&n wii mpact or



mat esi and building shape coefficient. At t h

c h

co

ange of space tygprd arhea tmdp elwuiilkllhd icrkgae g &

rrespCodr rigriygillhee constr ucatnilemo| opeoat ipamt s

hawear bon emi ssion changes. I n terms of buil

be

Th

r e

of

pe

|l i eve that it i s closely rel at edert o res.i
nsunfptSh oM)ccoa di hg technical standard for
aluation -2GB5)Y, T" tbl086RResearch data shows
dex increasegs 0by 12 .idikacdecms E@]wd Howeé ver, s o0me
hol ars have pr oploamak ftf W adil edcltrt ehbosuegcht E ehiec a |
ergy consumption of budédiingl,bthledicongsi sl

ramabk hacpoee f ffiicgluernet althe tiankeacht onfFluseunt

e calculation of social gtagbo®hm. e & sé DNisma
cial car bon etnhedsrireorresni is ssi docashegidthaemmcen ange of
sidents' travel activities after the estab
open public spacaf fomr dcaabrlbeo nh ceursiisnsg ofnrso no |

rspective.

1.4 Re s e aMecthh o d

Ast he subj ect icntvsotl hvee sp rnoabnlye na sigdse snsoerues @ct o nopnl e x

many research met hods, edvantcd udolinlgedtiitcemr,at ua fet

fi

ekdearch, and questionnaire research.
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Thr
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Sha

3)

To

Li tReerva tewr e

otulhdher at ur edi st e®tviadt bsst he rel evant cate

Si nigncolnew gr oups, open puabnldiac bopaecen sseé 9

ated theory

Data Collection

the research process, colllercgednd&&dberg DOf e

struction drawings of 8 abhweambhiel eadbusi
ctricity cost dat a, and t healCAWDoO wsinrsg riurm
nghai, which are mainly used for the comp

the same tatme,dathe @futharious types of ¢
| ect ednt Tlhiet errealteuvrae i s mainly domestic, ¢
i smptédrer®i ve cal cah aémionsi on

Software Simulati on

as dii §te tClyanletrt aAsbsoens seanli c 58 e@wne o as andedle |

byPKP-MBECA Ilimadi ng t hd dsa&phl mgnieawi y dési gned

commuantlyderemyperoft open public space

4)

Field Research



Severapresentati ve oanfmuiot slabh eShanghaig &@re sel
investigatibe s$babbseofepublic. sPacikdas,d r e
de moatsdawfn affordabl e housi,agdi ot B&@inglpdpywces S

aseferesnnethehe esear

5) Questionnaire Study

To study the impact of the open public space

activities, sdashyesteaewtahdrc,djesdisgagbain n aagryked r g e

number of questionnaires in Shanghai



CHAPTER 2. LIT ERATURE REVIEW

21 Af f ordHabbkeng

211The Definition of Affordabl e Hous

Il n Chi na, affordabl e housiornwg dgan éryaltlhy rgefveer
for specific groups. Df efenentvi sewholoar § t gutc
whiaocdine generally summari zed as | ow rent hous
housing, resettlementahypyukimds A&ft abhiegkedablke
i's one thing hieny taaembtag It hat gover nmméletw and co
and minddéme groups. The biggest difference ©b

that it has st"vaonn @arhya'r acnerBlspgplci cability"
The naanfefsoradbautsliengmé ncouhtries are slightly
HDB in Singapore, sozialer wohnungsahdu i n G

public housing in the United Stnatmes.r Alhtehou

natamre t he s ame.

212The Denednl op Af fordabl e Housing i1

The rapid change of soci al conscioussness broc

western gover nmemstisgnfidlitldwenhé& ®a dudshi bnbg tsbyest em |

10



soci al devel opfmeaornt dd@lhéemeefsdcrea,dewel bgdgs ear |l i

thae@hianmmddas a certain iIimpact on the devel opme
China. ®udi tfoertéint soci al environment and g
diféeces in theegwme,yvetopsent,catnidanma noapgeerneetnito nc
affordabl e housing systems in different coun

Germany is the fafsbrdabherhotuseidgvel bp affc
hasignificanitn yt hcehapmetdat wal fr o we dtesmpiresa,d f
popul ari zati on t o refi ¥ meGeér manndy deesntaanbdl i gt
affordable housing system in 1919. Il n 1924
establishedsi axiGerimgy wastondoanhvenottel st abi l
housi ngsyYstneemcand weakening the marWaat attri
l' 1, the government adopted t axpubeldiucc th cmws itnog
Around 197mda, goher Gement gradually abolished 1
' imiting renthcomegfamnbi eesrwraenryt! ecghddagslici g s . (
system i s manhtrodulys i mugh | iwd iecshi deennctosu rtaog erse nrt b e f
The moufeded glow etrtaand noper at ed b yp i onfdii tvi Maiwad isn

compani es.

The develafpfmerhdoaubslifen gBr i t ain started at a si
Ger many. As t he ipnldaucset rwhadr er etvhoel uféic msnimitmw ok p |
devel opment made the housing problem exposec
hed d most of tnhte thhoeurs eosu ta nadt dth&@ gthh @ eand gr, a wahti ic
class contradiatt iunmesand | 8o Fglhevwamegn tl 9fLi9r, s tt

promul gated the soci al housing | aw to estab

11



Before pBOirBopeyadaei on mode of soci al housing w
whi ch was iinlvte sitye dt haen dg dowe rAriette ntth aotn, at H ea rggoev es
gradually stopped the construction and turne
publ i cg hpwrschhase 1Hjsght pkbhh, thhathousing to
pref dr epnrtiicae . |l ts socviedl hausindrese mateber
housing, di,asadumsth ah e dQ.io migheer shhoiups e wwet hispar e
refers to the hpnpedebprobpertgsrdegaik sTomwd t he
residents need to pay the corresponding ren
redeem the tlyousieghpsopelrhe institutions resp
manageaneatt opemdt iscoci al housi ng nfigmonm hleod&Il a

government housing as9poofati bossi ogprissatce aa

The United States is a global superpower who
Tke United States began to i nteatovememiin drhies if
of 11923933 . In 1932, the Feder al Home Loan Bar
Feder al Home Loan Mortgage Corp was establi

institutions have been subsiindriezetd It mares ctoa r=a
housing developers. Then in the 1980s, t he
devel opment to the market throughumomg subs

construction is mainly di vriodgeoh amdoownenwdo ame de

project. The soci al housing plan is mainly
contrast, the government plwanyesd tgsroyperoyv it dinmgg
| oownt erest | oans, econorioc Ppubviadieedh,ouadsnad go tc
However, the proportion of this kind of hous

housi ng pr ojoercitesn taerde;, mahrdktepgiesl, tmMaeywgade aavde

12



by real estate developers.

Singapoee tke most devel oped countries in th
founding of Singapore in 1964, the gover nmen
of housing, aiming to realize thg KHcime m@wner
hassoteen devel oped for a | ong ti me, It has a
Singapore government Il ssued the Central Pro
fund system, whi ch provi des t he oqoveaemrd ment

maimare of affordable hodsirregtamdupsn oigi d @ nls
1967, the Land Acquisition Act was issued t (
rent al housing. At the same tihmeentddy godwaa@r n
and exit mechanism of the Housing and Devel

and <carried out strict gover nment price |i

Singaporeans |ive in HDB fl at s, D8%maf nivihi cl
i ndrge of the devel opment, management, and o
As a developed country in Asia, thesigagvernme
devel opment planning. It has established a r
hasing system, includpmgfitheaecomadablilsd meoma s io
institutions, the promul gat i oant ioofn tAhcet ,G oHoeursn

Acqui sition Promotion Tax System,eialticdedl apan
into two parts: l ow rent housing and corpor
into three categories: p urba tiecd hboyu stelse sathd tceh
public organizations; speci dlprewadlell gntanrde n:

purchased and operated by | ocal public organ

13



which are buil't byitherpgpaopkatoons oaaltl phéen
public organizations dehsediab whkefat decbwmpe:e
housing is mainly f unidreado nbey ftahnei | s teast et,o fboury
houses at a |l owdrerpri dapahrsughfobodabl e ho
organi zation mai nl yhgcolnisdydt threea kddirnt st eg pPar tLsa
Transportation, -Japafii Hansiayg managee Agenc)

suppUnlan Renaiyflslance Agenc

The public securBiotuy hh Kwgiermage iosmodethadra i fHma laih d

public re[bl 8malhlousommer cisdlgnkeadudiomrg 4iosw e d
i ncome groups with an area oadfdelleoaws et bah 60ma
and tax incentives to buyers. Public rental

public rental housiinfg haendi hheéeremaésrieat atet
in the |l easing ti meemramdentther etnarage th ooubsjiencgt .f &
income class and can be rented permanentl vy,
probl em. The purbd itche ematail o halusrienmt aal housin
i ncome -iamado rhe wc | ratssa owé ¢ $1s as st em, with the f
550 years and the | atter of 30 years. The Pr
(1984) andPéehmane®tOORONt al Housing Plan" wa:
Then in 1998,Ndtoemal ORenMialll Homsi ng Construct
The plan was increased to 1.5 million in 200
and 200d tphwhulsiacn fl@]nlttaslk @lpeeu Diry@ani zati on mai nl
three parts:-thdeMpoil scyya&er Land antdheOcean,
Nati onal Bank and the WooKar eBanMkagt iaomal t hHe

Corporation.

14



21.3The Development ofi @fifroada dabl e Hou

Since the founding of the People's Republic
roughly divided into two fst@amesdientgh eauufrwetl Hear
people's Republic of Chi,aadt bh &shdioah & uzsagtn go ns
and marketization stage (after the housing

system is gradually 4€i8]t abl i shed in the secon

There hmaea3 Pgeaems sfitnhacebltdheh@ausi ng system had
in 1994, Continuous devel opment i's accompar
mainly reflected in the tarbdres fhoorunsa tnigo na nodf ttr
expansion of[ldpuiFr@alm ¢ hpeomlig i al sales type
focus icf rpepwnbdlal housing, the scope of groups

more people living in difficulties.

I n recent eyoayaerrsn,mewitt'hs tibncreasing attenti on

t heiomstrwnt ifoun | Sswing, and all types of aff
According to the government work report, i n
projeetwubl|lwernin China, an increase of s5. 7% ye
of n&armmiy |42 on famil i.esTaikre rSédhact gwmari e aso lawme & x

5D00 afefworhdbailslieng units wer e adodoe enfefwor dhbél ei t
hasing units werod &dBde8B8HdAINaywra@aancr eas@018, the

aff orhdbautslieng units was t he sOaOden [1&]ss t hat i n 2

15



214Design of Affordable Housing

214.1Baisc Desi gn

The developmentet hmesbhgafhofdoalki gn countri

China, and their research on the design of
exampl e, in Japan, the devéasopmegnof omomlmé f bhi
years. ABeedoltyi mg C€onstruction Plan Law i s:
construction of public housi 6. have been reg

In t Gyeearel opmaht orddoaubsliengnaen dCGs aghomdabl e

housing has also attracted the attention of
20009, Beijing issued the guideliafdorfdabml!| pl a
howmgin BdiDjriarg for Cbnamehasi ;i sssudthke guid
constr vacdtfioaomoaddlieng i n Shanghai (Trial), and
guidelines in 2011; in 2012t hdekisli gimfrA@BdVience

hou®ing

The r esveaafrfcolaibd esi ng deabygmdanre teelrsntos of pl an
site sel éeooaponbéhgctonstruction of afforda
pwforward suggestions oméburkedi dgpavYahgeaedea
(20099pDkgxaht we should pay attention Bdodthe ba
combine public transport HS8;d Blhed@BQ $si adli & an
the | ocation selection of affordabl e housi ng

used for [89l.te selection

16



Il n t emprgf iocf dsesi gn, stLhen p(l2a8008BE n gsyt puld,i ee xt er n a
environment and other aspeci®andet ahtordalblte
probl emsfanwamditcorrespondi n29]; deéls(@yh@l Oc)ount e
proposéi nedt hkeesrgWucti on of Z®taengdi zneo bmd cku | «
partitijamd péhwacsuvesiesi gn strat egibegs amnwmdhy za s1gs ttc
residenti al d emmacnodndosfd;amB D (@@ apalcgpomiduct
aff orhdoaubslieng i n Bestjhiantg,t haen 8 uparthdoatiss eod can be
i mproved through visual anal ysii sper ewatnani aln w
me as,uaneds spamentr e@d;sHed 201 h)t ertphreetgui del i nes
aff orhdbautslieng i n Shanigadafi fi nradabsibea gwed sdioqn d

i ncr eaogiesd ¢ hat icom !l ofdi rgensnitmdeenttgio wé e, rfeudnet i onal

des,agnad ot hR2. aspects

2142Ener gy Saving and Emission Reduct i

Green affordabl e hoesfimg elxa € nthaunea Ir avpeessd e tGm e
affordable housing in the United States star
in the cdantfextCyafl dtdfosnssd sdsemeerdt i n t he desi gn

housing. Singageustlaegaml|tco hohaed ntghe nf 20914 Ia
of "green hoétudinde' the 20071 uence of constr
recognition and oopnmeerrt foafc tgorrese n tahfef odredveebl | e h
in its Hofweearewdartales i beGlningraeoehnh vagf f or dabl e h
design: Shenzhen, ,ashatsh ec ohpoh@assitdidcf 2pdl0d noer edra

housing in the "12th Five Year Plan" period,

st an.ddprdessieamngsud Provineg Wwad halmoo eattthamptl 2

17



housing projects passing .the green building

Il n DecZ2ehb*gotviee nmsmuted t he Mhot stey obdbf t Heusin
Urban Rural obDevpelhe pmetit gm een buidfdfi mrgd aalclta o1
h ousainndg i s SeucehdnGudhale | iGh e ahf orHbausliengThé&seal )

actiremsaildrtps of the country ©go eafhftoarcdha bdree a
houscomgt rrucgmidoal | y tphreorgaoteeen buil ding standar

actlumdalt uati on.

Al t hdogé srieie@ sfcdirdleo-avar bon d & 6§ b ghdoaubskienlgt es;t ar t

t herkome eachi evement s. In téemd209fi skmemagn pr
design principles nemenitnt ehseswf iecmarn oy, caored.
inted2Bat iToman @EDOWmI "t hree priorities", I ncl
practical poinmdr pt[R4yrainkdyaec d 29OtlBe gpreogrosdesi

principles of har mony, anodnfeocrotn ¢26iyi nseal vwi nagn d a

I n tefdedsi gn tEHc h20D)y, beltiee v e genbatwiona@r en
technol ggygt menrdmal t dehel@anolpougnyp can be applied
abf damwluesi ng t o rneodnurceen etmhafcues e o f

I n t er ms ofysedvarl,uaMaong t2l0dtilgo-ovar bpomsehousi ng
technol ogy systemf$bohddawsldenegs us edthif@m mai nl vy
includes ei echatr baanp edeetasr:p olpo o peraatBitamu,ctliuo w ,

| ooavar bon e n e rgyo nu sceo, n st eowac tbhioonn , maltoeavr ibaolns |, (I

emi ssions and i [Rf;r edisamg (chhbd)e vati mdife on sy«

18



gr eaefnf orhd@admigk € 0éd oQocaprint | 3 fpwsteedn ttioale vealfueact

the surrounding eco[28.gi cal environment syste

22 Thdeow ncome

221Def I nitth eo AL moes¥o me

The conceipntc oonieg"'p'girewr el ati ve. It refers to tt
l evel in a particular timeamyndpeesrmpiaacd, amwdirceg
(1992) thinks that income is one of the most
The atodfnd hencloonme group generally includes th
of I ncome, mi ni mum iwaigreg exime nssteasn d2&jr di bolfe It
Di fferent counstarnide sd i fdfiefrfeenrte nrte sceiatriceher s hav
| oowncome groups. As f ar as China is <concer
generally dividespahéespopnldat iheinnl coowiees.t f Tilh0efo
Civil Affaiestshkepmtmeundi tg standard for urb

varies according to different cities.

As the primary research object of tlhoiws di sse
i ncome group studied in thigsigpapert hies edefgiil
families for Shanghai -aedapotdabheubbudi sgpstab
a household with three or mor &€ atpaeeopaheruals |

di sposabl e income of a hoestsehhaonl d8 6w i[80)h0 tRWB "o r

19



222Char acter i s t-iecosmeo f t he Low

The domestic -irrecsemeg chr onpsl owmegan in the 199
character-i mmecgrofuplsowr omsmdi Fhar ¢ As® & mée s i
since 1994 comkee glsamopwsn hhahe charact,erlisnges o
guantity and obviou3l] i Xdes t(r2y0 06t la esagtrineair in sztei
condi ti onsi nocfomehegrispouw e 1 bhavt | evel of living
housing cegdttvens,pinitual thinking and we
sho[82%s Ma (20¢&tOhatbetflhecomevi@amoepasivehy sense
oflepr,poxceadal anxi et[83];anMNd ud g pRsdnbd2e}inlteeoundei egr ou p s
t hr ough wupartiicoenishtl Baantdrtéhcesiernspest ghi aywd their ab
resi st i sifnes u f[34 & sWanrt g (204 8hd cbammifei 2 e

character-imcomes @ hlepwsfprecams onfscypnicomessatt s

geographical distributi@Bs, family size and e

223LIi ving Environmeaoomef the Low

To some extent, t he nlciouwnen gg roarpdsi trieddrtse caf tlhe
Generally speakinigncame diroausgsigs mdwsl oav st at
capaci ty,ercioomp atcytpei,ntl,acdé ldéwpgbalgict(gpa@i@el i f
fi ndbeat dimeomewgit s mpefolbd ®@ ms lodv famdt sehtl
transfor maduinng,urwhiesh r ultdiulrdi md sotrretdh e ef | e
side tam@awantyherreobl ems | n htahdel dhfoi ucsuil ntg tdoe smegent

nedgd3bls &Adlug ( 201sOhabet hevkeiving space of the g

20



often | ocated i3, t@Gkerci t 20 BRI)gree re@hé&n-il @ avt e
income peeopfeZhajlitaman amw®doGuhdademptuwarrd tfhe
overall sat-istamei gnoaops!| wwth existing hous
| o[38]; Wang ( 2901In7 )t hfeo cnuosret hhrechisit t @ eeegaaoltlhest udy
I i vi ng nocfo nieo wgr o u ptsh,a ta ntdh ebiemp i hedvdeseimsg atbaout | ov

use irnmpreeper r groomentnance and I39ck of overall

Thetivings stmay hdawer stemangf fae c tisn d §Zahta nfgr o(n2 0tliBée
perspective of econeamicomeawssarmae ngo lail c iaeg £,a sl
"di scharged"” from the city, and factors S

i nafsrtct ucausve | $§ ccdisalt odd@mftleinsi fy
It can be seeni hbamemgsoup$ ahe bowthe edge
are hard to be met,dauwert le@ionmr sdiiug misteyl dihsenc p &

research and i mpfrfooredada thteampualdangmp o€ t he | i v

condition but also promote the stable develo

224Li ving Needisnodmd he Low

The generati on oaoff h @ e sy cthheaotongodn &fv Elaeo@tsiaa o t
object but AW Lotmp atr @ d g e o-ivh ¢ chree ngrno u p , t he de
t he-ilncwme group appears to be more realisti:

For udoegd sttheir | i viemg engedcse,r aflileyl di ssewr,v i ncl u

21



i nt er viZeewsg, (e2t0cl.2st hienivrecsat meg agreoups 1 nd€honggqi
that they have higher requirements nfgor tran
sleecti on,o acnhdo otssenzierdalrlesi dent i al buil dings t
wi rkent s[4Ph siLdi 20&B¢ wsSeée@ds of residenti al C
housing esaambhanfilyeemyr ef vonnc tainan alul t ur al facili
transportati o48,Acacnodr diinfge tsoertvhiecessur vey condu.
| oowncome gr onu phapiemdtWihear ences in housing dem

housing typetsypidlsl househol d

It eamsebn t-ihmtcomedhegdlowps are not pumguing | u

at the rlwwlelnewdd s,u phamsd od omgfi cratl mMmeeds.

230pelublSp acekousn ng

Human | ife is inseparable fronmsalemltd@ddsnof
the soci al environment, poablitdbhespacm mmerdair G,
behavi or s. To sadmemsigunbEnt, sppeei alalhy even st

communi cat [49.n behavior

For the activityaspaXe ©C20phpk!| desipdieesd&€i aht o
space in the residential area and shared spa
includes a community acdtio.i,t ywicielng etrh e glratetne
gar den, publ i c plnadt fgoronn nadeoef tl hoeo elr ubipld6ili nbgu,i lad i |

The residenti al open public stptaecree studied i n

22



Open public space refers towhhedampulbd ici raecdtil
cormatct ed with natur al el ements (light, air, e
used by resi doeunitlsdionfg tohre gewhbeoni ésdiirmgpau.ndiihi s ki
i's between the publliyc parneds emuicsy agceeigaeniaiv at € e n e

state, which can play a role in the connect |
space.
I n dhsserttahie ompeni mpurbéd 9 icd esmptaiceel buil ding 1is

three types: toipeal rgpaorfde wpdahldecapenThey ar e
the interior of the residential buil dings a
surrounding yl asndposlitt icvaen rpollae i n creating pl
densitylrasiedesnt iicgap rioditwhreeg iddReatesl real i zi ng |

sustainable development of buildings.

Due to the i mitation o f |l ocati on, user, é
characteristics: publicity, placemhatstsi,s i ndep

space does not bebluotn gp rtooviad eps iav aptlea coewnfeorr, t he

buil ding or even the whole community. Pl acen
meaningful , and its pl ace ecnhtaart &eatiarlisstamncd t
organi zatioep b0l bydeerejleaheld in use. I ndepen
exi st relatively independently and does not

|l ntegrity means t hat tyloenpd pdatei aln de lceame mtl sa ya r:

in diddteirwintti es.
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23.10pen Roof

Open roof refers to the upper part of all bt
believe that the roof garden is thelerimary
for people to r eel aaxl.s oHorweovferg artcheerse talrat p I
r od47e However, in the existing resieansi al b
t he st atneowoff. tThhee ooppee n r oof has a broader me;
only bears the function of vi ewiemsg dbeuntt sal ssau ¢

as drying, planting, sports, etc.

The ancestor of the openfjgooadt cah Ue inatckd

BC. I n the early 20th century, British archi:
tree plantdnfl oartbe the tower, indicating t
ornament al f undcetamton haas & imeof Tdhar Hanging Ga
|l ater by the Kingdom of New Babylon is a mor

Thendgibuil't the building as a terrace with
introduced tbdmrngena BBTrOest of compl ete Vi e
Besi des, Pueblo village is a typical exampl
their | ife. They use the roof platform for t

out @wocvaties on the roof platform.
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Fi g&alrZda ggur at of Ur, Hanging Garden, an

Figure Source: Bai du | mage

As the main form of ancient Chi nestghetraditt
devel opment ofhtha openetadvfvehy | ate. The G

king of Wu in the Spring and Autumn peri od,

roof in China. 't i s worth meancth toonwenrg, tahnadt Ccf
wal | came@adarsdedeas open platform qualitative
roof in China. I nterestingly, they are most.|

activities refl ect t hodT.lchausaetefi shiecsnoder h

apepar ed in Shanghai at the beginning of the

of Western architecture, the first real roo
Hui zhong Hotel . Unmrar ctomeaiitnfolnse red eh ecCth omlh g a
devel ops faster than that in the north.
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Fi ga2Gausut ai and Hui zhong Hot el

Figure Source: Bai du | mage

Thepen acgaomfbe dividedsicmtoo ds em\gernt ocattesg druine t i
exercise, exhibition, business, transportat.
t he use rodoft hies ogpeemer al ly for | eisure, plant.i
fruit aedp@awnwegetgabldrying, and other places f
number of open roofs that serve abkditm@aispor
These are represented by the Pinnacle @ Dux

difé&e buil dings through the | arge connected r

The most significant advantage eoaf otfh ea voapielna brl

space and increase the |living space of resid

2.320pen Vertical Garden

Opeer wal garden, as the name [Iimplies, i's an

26



kidse of air courtyards, vertical courtyards,
i's general |l y -rdessei ghhueidl dfionrgshitgoh d éhdeil stwan de pr c
from the ground and thed8]ll acik 20k )mmumi clhs i
courtyard is a plhade cfaomr tpuwlklhi o ad awtrtiaalii reil @ snetn
roileepati al organization and i mMBlovEumnyg ¢(He@1§u
defines courtyarod ys panadet dibrgpmu latsi a verti cal

t hi nkist stmsaytsctoemp | e t-ceci menrds imuifb@]li d6wmeplrapi ous st
mots schol ars have classified open roof as o
di fference bet weern ®stnhet tewo arne cdairsbtoinn geuni sstse d
Open vertical g agrrdoeunn dr effleorosr tsop attheeg ntwobnp c A nd s

not completely enclosed on all sides.

Thanc eosft otrhe open vertical gardemodomas efdr om
on the Greek patio courtyard to dgtdremdwehsatgnwe
concept of ""wvinl Itéh eb unilddilreg of -sttloe y2 ®Mtuh | de mtgu
100 independent garden couarcthydredd. Qhidar Ifeog w
opteedky space" thgamyg.a RAlparKareanhandesi gned i

typicaht atipvesef modern open spacef | avdii ch h;

concave vertical gar de magp.o rAef tceorn ttihnaute,s "tgoa rdde
vertical gardens, among which Par k Royal |
represenfarimee. cTleates open vertical gar den

curves; the | atter cretatklsditihg kenghtve S@acek

garden in skyscrapers.

27



Fi ga3Pear k Royal Hot el and Oasia Hot
FigureA8B8obhoce:

Il n terms of national devel opmentleattitvellye il glwt,
so the open vertical garden does not appear.
the cisyprywubtodehgosyhdppear graduall vy, but d
construction speed and usthbiwl iaz atoimpracrt ataen,d tnlee
With the devel opment of commerci al housi ng

being under themeontiohupe®pimpsoVvViving requi

be called the ancestorClofiedéd er empiedhe weeea.t i N@aw
increasing height of buildings, the use of
extensive, iImdl bdiidgiangmmerepiresented by Shali

buil dings representedyby Beijing SOHO Modern
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Fi ga4Sehanghai Tower and Beijing SOHO M

Figure Source: Bai du | mage
Teopen verticaal bgardderi ded i nto six categori.
recreatricors,e, exmwanmepg cretnatiingn, amlda | i vi ng. Fo
buil dings, recreation, planting, exercise, a
Al t hough the opar rsiaé icteigctali ng aarr deean, it can r e

densi tyrroefnid dheibgodiyn g ewoeatleatg t o enhance t he
comfort. At the same time, it is also an ext
buil ding public places and narrowi ndhet he di
bui I[Xd]i n®i fferent from the cpwmmbincpspadce phac

the residents in the building because of its
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2.3.30pen Ground Floor

The open groundpdgde®oaf rteliergr o wnd hfl oor of t

entirely c¢closed on all sides.

The open gr osutnedr nf [cooowrntirni ewse started from the

2500 years ago, and this typical nwderamd.a bui

The Coloss o of ancient Rome built in 80AD i
takes onont hoef feunntcrtance and public rest. The
Ducale in Venice, I taly, whi cihtnengarsa tbeud |wi tibhn t
San Marco Square and plays a vital role in t

The concept of the ground fl oor overhead of

who regarded the grounndof | lmios Bivee hRPaidntas o

This concept was first reali zeed densiSganv ooyf VT hl
Unite d' Habitation in Marseilles and Pavil i
| arsgeal e use offlbdheappeargdoundSingapore in

Sir Thomas Stamford BingleggRaftdesn gbeeunb
that ther-eomude beofaed corri déowotabaseknawe a
in frondigef falrl sktmailll business and wind prot e
the setting of thgehopeme greguwlildatfiloog. tAacoar C
regul ations of the United States, i f the bui
anamppropriate amount of public space, t he
appropriatel y rreegluaxreeds. tShiantg aaplolr et he bottom f

shall not be wunits, and must adopt the overh
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Fi gd5Ceol 0ss o and Palazzo Ducal e

Figure Source: Baid

The origin of the open ground floor of Chi n;:
architecturdufsesund ofe sNetahbei tahniccesat or of t he ¢
of China. In the traditional southern archi
floor is widely wused, including "stilts" an
relateée thomi d aagired thlwe sodbwtmh of China. The o0\
conducive to the isolation of moi sture and
accumul ation of debris. Since modern ti mes,

Kontgook t he ulagaidng nt pe ovier andah Regul ati ons i
built in Fujian, Guangdong, and Guangxi t o

communi cati on, rest and passage. I n the 199

t he domesitalrce a,eswhiemit was mainly used to sol

and then gradually developed to i mprove the
of housing. Governments have abspromsmsesuedt he
i mpl embn of the open ground floor. | n 1909¢
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requirements and regul ations for the design

1/ 2 of the area of the grounsd wWiltohorh isghho up ldo tb
in 2007, Chengdu issued the proper interpret
technical regul ations for planning and mana
buil dings with a height iopfp e rwei ttihrdain o4o0p eme tger
used as greening and |iving space; in 2013,

regul atory planning, which requires that res

ground fl oor s f okri nggr,e eann do gost Weeti hsfutrhee, t spuaprp o r t

policies, numerous residential buil dings wit
Sanlinyuan community, Shenzhen Baishailing
typical represemgtratuinded | ofort he ope

Fig@bHemudu Buil ding and Xipai City

Figure SourceAuB&iodu | mage and

The open ground fThoor fcae batedgoiides accorc
recreation, exer ciisen goad rkmelrgc e , F otrr arnesspiod et natt i

recreation, exercise, and parking are the mo
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35 meters.ghf theispaoe Wil be too open, ar

be too suppressing.

Siintato the open vertical garden, although t
it can be used as a practical extension of t
open roof and open vertical glartdemy s é¢r \has
the current buil ding residents but also se
promoting more exchanges and activities. As

more convenient for sports and family acti vi

24Resi dlematviddeor y

241Categories of Travel

The purpose of daily travelafifsaitros naankde paarltiiw
social acmawni ({L8%6) Rdiehdes the travel behayv
categorinasnc es agitteinvaintciee santdiav ieti isefs2]le Bat ubi t i e
(2009) <cl assi fi ersdisregr ethno ctah e gtoravesl agwewropose
work travelavehopppbdnogmdtn ttrraaweell,, emndtuecrattaiom t |
tragared tourMSBlsml traael adbovaei ¢ atlegtorti ks can be
roughly divided Iinrtce stsamody clderiesgierie e s

Tr avel categories are also affectedanbdy t he |

the concept of residentts'prcoopnosrutmpotni so ni,n scdiofwfi
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at di f f elraebBXe etfilmeecst.s t he proportion of trave
residents in 2006 and 2013. |t shows that t
neessael, twhvl e ,$@eclBumse ®toavaekle sa atpi va tliietst |
Howe wa rtt,lhehanges of the ti mes, the proportic
gradually increasing, andemharmambe@eand mmeseo

considerabl e.

Tab2lér av el Cateego UrdbaanofReGhident s

2006 2013

Wo r k 15. 72 13. 27

School 1. 13 1. 31

Go Home 4 . 6 2 45 . 47

Go to Compan 4, 6 8 3. 31
Busi ness 2. 16 4, 08

Shopping 8. 24 10. 44

Entertai nmen 2. 05 2. 13
Visiting Fri 2. 99 2. 11
Ot her s 8 41 7. 8 8

Tabl e Soijb4l,cdsll Ji ang

242Mode of Tr av el

Travel mode and travel di stance are closely
cat egormoeso,r izeerdz eaMadmanod roiraed tr avel mainly i
and cycling, while motorized travel i ncl ude:
per sonal means of transport, as wel as put
mot orized trasvhedli ssascuettabaeef o while motori
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comparatively more extended distance travel

Zhu (2007) draws the relationship figure bet
2.7) accorredsiihde ittoy-rtehreatv éth ed atha ral compr ehensi
survey ofp6.8bangbdang to the chart, the trav
summari zed: when the travel di stanoa is | es
md ori zed transportation, among which wal ki ng
when the travel di stance is more than 5km,
begins to increase gradually; whemwelhe tr a\

becomes the first choice.

100, 00%
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Figure S[Balrce: Zhu
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243Car bon Emission of Tr av el

The uann gr owt emissiforcsarbbasn put great pressur e

environment. According to the | atest data of
Agency), the author sorts out the woaelrdy con
in recée@bl gear3d3), and finds that the total a
t hem, the energy consumption of transport a

accounting for more than 15%. nletr adwerd drey s een
t riadd not small i n the gl obal carbon emissio

has becomenoadme oaft atnte t opi cs for schol ars fr.

Tab22&l obadustri alumpnengy Cons

2011 2012 2013 2014 2015 2016
El ectr 866396719234193334942779553
Gener a
kcoe
I Ndusi1271062740027606277722760427526
kcoe
Transpo245952490725636207726859 274738
kcoe
Ot hfHou 19906 19867 203056 2023320314 20611
kc|leho
e Publ 7146t 71931 7453¢ 7457¢ 7604¢ 7757:
c
Tot &lco0oe1684117004 1733417487 17666 17892
9 7 7 3 7 7

Tabl e Source: IAlgteearcryat i on

The research on traffic emi spsarotns :r eadrnuec tiisont o
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the travel volume of private cars by analyzi
use; the other is to tanavlieylz eh atbhiet si nopna ctth eo fc ar
trgd7f i Trhe existing academic research mainly
numbegt uodfi es have proved that the adjust ment
di fferent scales of ur b asms isopnasc eo fei dsa cédfefaehcst i v

tr alv e

Frank (1995) thinks that the travelh dihset anc
built environment around (t38e €f€kavéEilBg§7popnt
forward the "3D" theory (i .esthaeaensvihteyn, tdiev e
densaindyt he accessibility of public facilitie
to use publ i c tr aendsupcoer tt hitea € trgagvessfioohtadeo i a8 dt o
tran®phootidends (200w shady for househol ds
motorized travel r @Q);e K ess tseingsn i (f2 OclaOn)t [tyh irnekdsu c
residents’' at rdnvad & ywachee iisnt ernal dEHign of t |

't is not difficul tantdo asnade tthhea ta ctchees smibxdd tuws
in the residential areaehavavael meahei ciegif f ire@
and -qpquaghity residenti al environmanhbon/snoccnnd

carbon travel aohi eesi dketsol ¢ of travel emi s
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25Carbon Emissions and Calcul ati o

251TheorBpuidfdi ng Carbon Emission

I n t
focu
inte
mai n
t hat
bui

t hi

(7))

mai n
deco

prop

he aspect of Cc arplra mraeesye arsc¢ loens riersteam cadt, i
sed on t hearedv ad wsit b cdinimxet 8y c | e  Alsns e s s me
rsadtuidoreal, Gerilla (2007)t idoinvipdeosc eists ,i nbtuo
tenance, buil ding o [62;r aGu soatna(\e0dlo0d e rbeell ii teiv
it should be divided into four ,stages:
ding operation and demolition treatment.
cycle,bas!| dongprmatatcsitraslam,uct i on, bui l di
tenance, and[63p uiChdeinn g( 2d0elMmog | idiiwindes it
rati on, outdoor facility ctoenstreat ment ,
erty management, de[@ddp | iGni otnhiasn db awsai sst,e Yt

proptosat the calculation of carbon emissions

buil di mgst henatwioomd of | ow carbon and | ow cos
t he factormodthadiidgmpvded t¢cdamtbon emi ssions, and
t he original][65 arGetngeeraakhi s gj osshol ars have dif
t he BuWwiilfei Cycl ¢ Mduseddmemtendrial ssithadeasr ,arcev
every stage from construction to demolition
252Carbon Emission Fadtagpres I nvol ved
This dissertation focuses on the carbon emis
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housing. According to the above I|literature 1
an I mpact on all stages of t he itnichhgu Chel e
construction stage, the use stage, and the d

the carbon emissions generated by residenti a

i mpact of open publicvepace from a broader p
lyhelat a daouocrcset ructi on and demolition part

Theata for building construction and demol it
emi ssion factors of buil ding materi al produ

schol ars| atee tTtlhécoarbon emission dmcdfors of
di fferent materials, according to the LCA.

to building materials in this research are
rescehar the principle of autsto,r iguwhbdliiveatdiadm tfi

and the saméosbowed. first

2T heatd dJouruicledi ng use part

Building operation and carbon sink are the n

Tl buil ding operati on stage mai nly Il ncl ude
conditionioamgdunepnteirogny, cdomesti c hot water e
el ectrical energy consumption, kitchen ener
carbosiemidata generally uses the carbon emi

to converumeheongy toanshe process of wusing do
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appliances, kitchen equi pment, etaecs, wihe dii
|l ead to huge differences in results, so this

for. For the power consumption daPtBaEECAf t he

Shanghai to simulate. As the weftwansumpti da
and there is a gap between 1t heomef theamr €i asd
results are calibrated with the measured el e
Building carbon sink is nsipmirltan i oo sShager o
materials. A |l arge number of scdhfol dairfsf enraerret c
spaces, according to the LCA. I n the resear

regional data fiyrsandpubéi siathelolscoweadne fir st

3fFheardon emission dataraocetcastofviteseisdent s

Through the way of questionnaire collecting,

and the change of t hei rs ptarcaev eil s bperheadvii cotre di.n

emi ssion of this part of travel iIs estimated
modes. Similar to the carbon emission fact
transportation, a hergeal cumhbhe e dotnh s calca rolr s8 0l
di fferent modes of transportation, accordi ncg
aut horitative data first, regi onal data firs
is foll owed.
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26 SUummar y

Ths chapter enakewi eawloft efiaxearkey points.

Firstly, this chapter studies the affordabl
deel opment process of affordabl e housing in
prne mi nary st uwdy eomgrtelteen ddyefst rgchd s Tthheatstal t hou
some researches on the green design methods
in China, they stil]l stay basic. Most of t he

empirieal studi

Af ter thatti,vd woordeeptvsa of -ianfcfoomned agorl ceu phso u(sri ensg

and open public space (space mao dgelo)uparpeargt t
summari zes iIts characteristi csp antdh eryeepmen t o
publ i c ts pmaienlpyarcombs the devel opment and cl
vertical garden, and open ground floor, and
Next, the study focuses on thgpebBeompdefs,ras
carbaoamsemn of di fferent travel type to pav
emsison redutmhmicomeofgr baws' travel when there

affordabl e housing.

Finally, the rel evaing 4gthwediredtdcfevitiadodboaoo vemfri scsa

emi ssi on. The purpose is to obtain a more

41



emsison estimation of buildings and to scient

emsison factors used in this study.
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CHAPTER 3. EXISTING OPEN PUBLIC SPACES OF

AFFORDABLE HOUSING

3.1Di f f esreefrOp e n

Af fordabl e HousiI

ng

3.1.1Di fferences i n Nor ms

This chapter takes Shanghai

anaf fordabl e housing.

Tab3lldlor m Contents of Af

Pubdeet Spmkxn sting

and Commer ci

as odn ceoxmamaplce atlo

fordable and Com

Content Af f or dabl

Commer ci al

Shape @fl oo . 45 .55
Coef fit O010m
4- . 45
111 o>IrGs
>12 ofolr . M. 40
Bui |l di ng¢ Uni t 2househol
Mul t i s
Resi de
Uni t -rHii 34
Resi de househol
18 f 1l c
Uni t -rHii 4-6
Resi de househol

18 fl c
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Tower 6-8
Buil di househol
Corrid 12-1 4
Buidi n househol
Area mi 1bedr o B5/ 40 G0
(Cen/Ceun 2bedr o X4/ 54 ™0
3bedr o no @6 3
Ventil ¢ Bathro / O/ 2Door
Bal con Livin(Cl osedQ1 d: /
Servic Dep®h."9m
Ar ©a
Soundpr Ext eWa lo A5db A5db
Int eralo A0db A 5db
Sl ab A 0db A 5db
ParkinMotor \ D.D. 4 @.8/D.® 1.
(Center/ 1.2/ 1. 4
No Mot o a. 2 . 8/D.®/ 0.
Vehi c 1.2/1.1
Greenland (Ce @ 0%/ 25¢ 5
WWR Wi t h bGa0l.c East ,O®® a
Wi bhbt Soudmh. 50
bal ©@n B! NorQt. 35
Heat transf el xB. 2 WWROO ” 0@ . 2
0. 4 WWROO0 .50
02.2
WWR>0 ” 50 . 8
Shadin Towar ds . 40 WWROO0™. 25
Coeffic and We 0. 25< WWRO(
00. 45
0. 3WWROO0". 3!
00. 40
0. 35< WWRO(
o0
WWR >0 090 2
Towar d M. 45 WWR OO0, 25

South
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0. 25 <WWROO .
00. 50
0. 30< WWRO(
00. 45
0. 35< WWRO(
00. 40
WWR >0.090 2

Tabl e Sotulhare:

't camemefrom the above compari son, compar ec
affordapbgl eshstusioctly controlled in building
norms are | oose in quality improvement and g
3.1.2Di f ferences in Design

The design of affordablte hioescomppdctatna eabneds o1
the fl exi [66].] ilttys odompacteness i s refloeemted in
numbaenrd t heun gt gsaanwtffiten ct iiosn puasree i cul arl 'y I mpo
design.biTlhiet y lefxispabtarmdamas eahahouhd be r ec
possimdreedwer at e of wiotuhsien attichmeu allsiamhieoend desi g
principles make affbe dipdilbgsihogwd p tat e t étf &0 m

commei al housi ng.

Tof urt her st udyw et dea fdearetnictea o f pauf bf loircd asop &c e
housandg mmer ci al housing. I n order to measur ¢
builsdih@dD construcdfi oh6 dmrasiighsgrsé i abl bect ed n

s a mpil nec leu apdf tf oehdoautsbgneli phrtdi nary cemmagatktl abf ho
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Sampl es

which are | ocated in Shanghd&iabld2¢hd estsaarmdlardd
part 1 apublic ar
Tab328t andard Fl oor Plan of
Af forda Af fordalf Affordalf Affordat
Af forda Af fordalf Affordalf Affordat

Commer ci

Commer ci

Comer ci g

Commer ci

Commer ci

Co mmearlc i

Commer ci

Commer ci

The

Sotul @re :

housing

publ i

corrido

Tabl e
I n samplne gdleecttiuay tries to choose
broader range of diomparesonhoesel tgpesit hAl |
highse with more than ten fl oors.
st aeilrlw el evator room, foyer, publ i c
calcul ation,n Tmb33data i s show
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Af fordabl e

Tab33®ata of Public Space of
No. NumkNumt Tota Publ Pubi Publ i Not ¢
er er Aree Spac SpacSpace
Hou:Fl o (md Areec RatiHouse
hol (m?) m?”
Affo 144 18 8527. 1626. 0.16 11. 3¢
bl e
Affo 144 18 85690. 1838. 0.18 12. 77
bl e
Af fo 72 18 4329. 83.:. 017 12. 1:
bl e
Affo 168 14 8433. 1492. 0.15 8 88
bl e
Aff o 56 14 3357. 621. ¢ 0.16 1. 1¢C
bl e
Af f o 72 18 4252. 88.¢ 016 11. 51
bl e
Affo 144 18 85628. 1632. 0.16 1. 3¢
bl e
Affo 144 18 875. 1676. 0.16 1. 6¢
bl e
Average of Afford 0 16 11. 3:
Comm 126 18 8967. 1780. 0. 17 14. 1:
rcia
Comm 28 14 5580. 688. ¢ 0.11 24.5¢lLarg
rci a gr ot
publ
spa
Comm 129 19 8261. 2351. 0.22 18. 2 Hav e
rci a ope
publ
spa
Comm 70 18 8573. 1490. 015 21. 3(C Have
rci a ope
publ

spa
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Co

mnm 62 18 666 7. 1793. 0. 21 28. 9 Al

rci a ope

publ

Spa
Comm 55 14 5550. 880. 014 16. 0(C Hav e
rci a ope

publ

sSpa
Comm 10 8 18 10178 1541. 0. 13 14. 2.
rci a
Comm 33 13 3385. 788. ¢ 0.19 23.9(C Al
rci a ope

publ

spa

Average of Commer: 0.16 20. 17
Tabl eeSotular

According to the data above, a figuseéngf the
and commercial housing are drawn (Figure 3.1
of public space of affor dtalbdte dfoucsommern si dlas
the average public space aroadperriyorcovenmelr d
housing. There are two reasons for this obvi
of residents, commearcgeal phlwluise ngc toif ¥ ietny hapa a
affordabl e housi ng hhisgh oapa epasmeay trhatse .paSec
space area of the two standard floors is ba
households pdabl adtdteusohgaftofar | arger than
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35.00

30.00 °
25.00 ° "
20.00 e
[ ]
[ ]
15.00 ® PS
10.00
5.00
0.00
0 1 2 3 4 5 6 7 8 9
® Commercial Affordable
--------- 547 (Commercial) 547 (Affordable)

Fi g3lrPaubl i c Space Area of Affordable and
FigureABobhoce:

3.13Di fferences Iin Current Situati on

Compared with tshemggbewrhenaded!| i hopolicy and de

l'iving area, high density, narrow public sp
housing. These differences are bound to have
and quesdreo®nananad efst etdher study the i mpact.

3.131Fi el d Vi sits

Il n recent years, more attention has been pa

have also begun new attempts to its design,
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GOM in ShangthaiCommMnYduw HRFIsGE nied Shye nDzChen, e
represent some pioneering architects' rethi
purpose of this research is to study the ge

conventi onarmmuuariftoirelsa bd revei swhtoisnegn oabs] etchte.

Three affordable communities in Shanghai are
Xingning Apartment, Hui kang Garden and Huiya
types of aff or dradn tealholhusu snignug ,jprudpe laamaa teicoomn ohm

housing.

1) XinmitmgnAp a

Xinning Apartment is | ocated at 506 Huafa R
area of 140, 00@idgdquaear eplmdt erast i o of 2.5 and
coomunity built in 2011 includes ngommérecital ah
buil ding area of the community is about 370
sqguar e metier sr eanrteal p thlolusi nai,nsi Wil tnh t d&ceft @tr alc e s
community vi sdbte,t wteleen dciofnfmeerr ecn cad e rhtoauls i ma@u sainmy
can ke Aflda hought hdame acemmumi t y, the |l iving

nei ghbor hoodf adinfofseprheemrte housing types are qu

There rage munbamot of wemlmi cles parked at the
buil dings, and the sewage fl ows across. Mo s
mot or vehiclesTpargadbagetbansgoare placed or

cl ean faree of dirt.
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Fi g32Eent rance of PublicCRBenmeali dbudiomgi hlge f(
FigureASBohoce:

Public rental buildings have | imingdNada.or®mffic
as an exampl e, it has 24 floors in total. i
connects ten househwe dtso anmhle thhorg waietvian @r tsi.
and the dim elevator hall, omamyastesitdhents adl

in commerci al housing is bright

Fi g33Teg af fi ¢ Ppddte coRent aComMmescingl (Hedsi)nan
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FigureASB8ohoce:

The public speacereintsaildebutiHedi ppybliis opowded,
Most of the existing public rental buil ding
possible in the design, and Xinning Apartmen
overfl owse,s mmsty plldcow one persoh houpabel d¥
in commerci al housing is | ow. So there wildl

occupy part of the public space.

Fi g34Paslol Space of Public Remmnmearl c iHolu sHaows i(d g f

Fgur e Rahior e:

Residents of public rental buil dings have
neighdorlkebati onship is indifferentuniAtmp,ng ¢t
the author finds that the residents | iving i
relations. They tend to carry out grobwp chat
For public rental buil di nBess,i ttelee rceso rde narse da

care much about hawngensernysofofstviagigleasc e.
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The residentsdé I'iving behavior oDueuthd itche er

poor | ighting and ventil atniidrs,i mchuivlidiineg asn

and planting can only spread to the outside.

Fi gB850Ceverfl owing Life

FigureABobhoce:

2) Hui kang Garden

Mi nle | arge residential alalreahowssiangmaijmor Sihparm
|l ocated in Huinan Town, Pudong New Area, She
6. B4guare kil ometers. Hui kang Garden is the
Mi nl e devel opment. |t uwialsdicrognpdred e dofi na RdOut3

meters, 21 residential buildingsa ahdM2n8e?

it

s overall operation is not bad, but some p

The parkimog oof vebncles of dOhsesobdelFdyngnafhdo

inside the community. I n the processitof site
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of the community is relatively |l oose. The mc
significant potenstidehtsafletspekaaadalyg the reae
ol der adults who are inconvenisamtg tmopmawse)t.o
travel i n the communi tmgaot ddo wee/teirg|l ¢ hpamluimbeg r

i's not enoughqgf adidsdrceersliy umdrnloinng i s obviou

Fi g8aGDd sordered Vehicles

FigureABobhoce:

The facilities in the buildings areheelatiywv
el evator i sheamabkdijsastdained. Most of the d
However, compared with the public rental hou
Hui kang Garden are more familisae withaatth. o

aver aege, atrre two el evators for four househol
in one group sharing one door at both ends.
of each household can blRodtul §ye ats eidimpayc tt hen

space.
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Fi g3flenner Situation
FigureA8B8obhoce:

Similar to Xinning Apartment, the basic | ivi
due to the | ack of s@reeocvArcftl owitme@esormsuiclhe afs
and the strucotmealt hboacdumababieaoan place of

needs are met, butth@pe eaur awmiovwa boifé fyapf aot edan

Fi g38&Qaui Il'ts in the Grass and Structur al P L
FigureA8obhoce:

55



Residend vehi dhdre needs are created conti nu

off isepot ti gaéeson, t heame uind tsog bal ddnyis extr
residents to relax in the sun and do the pl a
ways to realize these smal/| wi shes, for e X

condert, omanging d¢dé,e psiongecttheepdkini c terrace
stay in sheltered places, so the canopy 1in

gat hering place.

Fig@&890Overfl owoRgsNeeawmd s
Fige SdAwndhe:r

3) Huiya Garden

Hui Ya Garden and Hui kang Garden boaht bealng
construction area of about 64,000 square met
total, which compl6et eCdo napnadr edde Iwivtehr etdh ei na b200vle

it presents a slightly better situation.

56



The fronheab®islpdicn @us anidgng-me evoah iTchlee epar ki n

but it is rel,anidveéehgrel eannandwué¢lbidglee apga rukniun

Fi g3lr@®r ont Buieladiorfg
FigureABobhoce:

Comparedstwaté thefront of the building, the
Al t hough thereofssomodacesmuhathentraffic spa

is dark, whicbhogdves a feeling of

Fi g3lrlenner Situation
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FigureASB8ohoce:

The road in the greenibelnt shae kxeome s& plnad
The time of the authorés arrival i's close t
doing outdoor activities. Theaentactchaittiag, i
badmi nt on, waMoksitnga cdtoigvsi,t ieetsc.are carried out
buil dings, and also there are some on the
community has parking spameé.s Tlher enodroeg ma&my c

mopeds.

gl i

f vk TR

Fi g3rBesi dents Outside
FigureA8obhoce:

3.132Questionnaire

Througmptame soa of relevant policies and des
the public space in aff or dahbyl e hheo ufsiienlgd issu rsvi

certain extent. The public space in afforde
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deaand. I n order to further study the distribt

space in the buildingduatgdestionnaire surve
Il n this study, 735 questionnaires are sent
contradivcatliiodn ,quée7slt i onnaires are collected, |
to the family structure, samplieng |l eard alme | di ¥
households), core family (husband and wife)
wi fechiahdren | ive together) (316 househol ds)

together) (86 househol dsi)nt oAlsli xt hcea tseagnoprlieess c
the per capita disposable monthly eihroddme,, wh
32600 yuan (170-7TR®dWs gghualnd s()1,3 16100A0DDe hyaulachs )
(136 houseHhH®IODD) ,y ulah0 Q(0lHH HHo wgheholtchsa)n 1500C

househol ds) .

350 180 170
316
300 160
140 129 136 131
250
120
200 189 10
150 80 66
60
100 80 86 39
40
0 0
Sngle Family Core Family Common Family United Family >15000  10000-15000 7200-10000 6000-7200  3200-6000 <3200

Fi g3r¥EFamily Structure and Capita Mont |
FigureABobhoce:

Among them, W& 1li nf abmiillicisnds with o@d&n public

of the total. The number of these samples h
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(Fi g8T . The higher the familiytynecobombaviheg

public space in buildings.

180 170
160

140

120
100
80
60
45
40
20 I I
0

>15000  10000-15000 7200-10000 6000-7200  3200-6000

m Total Number  mWith Open Rublic Sace

Fi g3lreRel ati onshi p nceotmnee em dF 8Bmiillydilng wi t h Op
FigureA8obhoce:

According to the cadenfesimir tacikbgenp 20.f3,1 otvhe sampl e
this studyedanindvencthoowme f ami hicesmeamhdmlibdbwes ac
t o f amiulrye stnrdu cpter capita di spo-kebwwneomencome

families -lamadom@d®d 5f dmiwl i es .

The numbodno-wo€ome families withuopednngubbki @0

accounting for 54% bbwhbemeé oTlaédi Muwember of Inae
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income families with open public space in tfF

totalernwihmtome families.

= With = Without = With = Without
No+#h o-wnc ome eB a mi Lowi ncome Fami
Fi g3lr3%amilies with Open Public Space |

FigureABobhoce:

For the families twhbeuh |dmengf pelmluiecncyp ade oipren
use 1 si nfvuerstthiegpat ed. The resuthe Ehomwl it aat omb
occasionally wuse this kind of space, and on

kind oFi gplape.e (
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At

publicmeapgcéeheA410
and
t hey
hol d

f

or

t

Never - 19

cccesonaly | 1!

oner | :c:

Fi girdse of Open Public Space (unit:
FigureA8B8obhoce:
he same ti me, the research focuses on t

wi || i mprove their quality of

samptlhea tk iatmdi s e ssp&2O®&8 ithim

fe, 193

need it or not, only 6 think ottheaetr t8hi s

a stateheofadatda fcfaenr epnrcoev.e Tt ha't

open public space.

62

resi dent .



Not necessary, awaste of pace ] 6

Doesnot matter | 8
Necessary, if design reasonably | INNNRNRNIEEEE (o3
Necessary, will improve my life | N N NN 003

0 50 100 150 200 250

Fi g3remand for Open Public Space (uni
FigureASBohoce:

3.14Su mmar y

Through comparison wiitth cammee ci abndhoulsamngt h

public space and its use in affordable housi

1) The public smplayx eme emt & hteh é uti rl adfi fnigc odemand.

The public space in the building orledsmeet s
and there is no redundant public space area
space area of the standard fl oer asf théaformnd
commer ci al housi ng, t he open gr oiumgl ifd oor

significantly | arger than that of affordabl e
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2) The area of primary public space per hous

The data shows that thdfaverndde pwolhilsi ngsp ac e
commer ci al housi ngaceeAlarhesau gohf tthhee ttrwaof fsitca nsdpa
there i s a vast difference in the public sp
three or more kRoéevaholrds nwiatt h oonabl e housi ng

each househol del g Femaplagaea. area of affordabl e

not | arge. However, some residents choose t
unusuaéssiumdtrhe corridor, resulting in more
3) There i s nesapracye nion otpheen bpuuiblldicng.

The enl arged foyer and open ground fl oor of
activity space are noneXxTihsetreenftorien afefsarddeanltls
time activities spililviotviees tmaionlhyerf @acesasonlL
the pursuit of high capacity, there is no o

clothes dr yi ng aaarsd efrotmwed hte green space of t

mai nly i nclvude efsamislipyoratcst iexerci ses, plant pl
These activities are generally concentrated
spserplaces. However, due to various reasons
areanopy, driveway, tempor arfyors hreelstiedren tasn'd aoct
4) The maintenance status of public space is
The paupdde in affordable housing gives peop
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management . Lbow, spacre @quil pment sanitation,

people unable to stay.

The emergence of these adversestamgeitiloke i :
excessive pavsumigt @amdameagl ect of gsepnaccee ogfual i

these situations is also related to resident

32Case Study ofa©Opeanf PAfbflorcd &ipl e

Di fferent from the current design ideas of
countries pay enodesiagdn eaoft i ahf erodalhl e housi ng¢
guality of Iife of residents. There are qui't
of open public space. I n Chianbal,e whiotuhs itnhge iinn cr
years) eadmeg architects have begun to jump

made new attempts to design affordable housi

This section investigates three representat.
ThPinnacle @ Duxtognam XBiiaywywgprorien $Sbanghai,

Community in Shenzhen, to explore the role a

321The Pinnacle @ Duxton

Duxton i st hleoctartaeddi tiinon al grenfpriagapeorel ustem

compl et ed a@0d0®dAeR dSvteurdeido iAr chi t eTlh esreev eanr &r b al
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residenti al buil dings in theAscammuena tayt,t eanhplt
affordable housing, it has won maMsyi aawanrdd s ,

Oceania ide220b@" CABIUH.

1) Overpass

The two overpasses |l ocated on the 26th ani
residenti al buil dings, which not only bear t
space for resThhentecVveammgadswmunnstdhe 50th floor
a vast open roof space, covering green spac:¢

is open to residents and tourists.

Fi gBr&he Over ppasdd omm 50t
FigureASBobhoce:

The "overpasshel @6ahedl oor of thegdmudeéni ng i
|t is only open daml arsetsiicdemu rswabyy, I|caryedartg ng

communication space.
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Fi g3lrEhe Overp&stsoon 26t h

FigureA8B8obhoce:

2) Open Ground Floor

According to Singapore regulatobpngest tdentoipa

buil dings to create enoughemcgroung Hpbaoe ¢
Pinnacle @ Duxton is designed in combinati ol
l evel of activity space. T h endporro hv éh it d loens od

makes the space more friendly to children an
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Fi g320du l-ltesivel ed Open Ground FIl oor
Fi g wruer Ag&t: hor

3) Bright Public Space on Standard Fl oor

Al t hough themi®onsamemema&my do,useimiohihdéadpendadaent
entr anwleiidda Iflov ewthé&n I[Tihfee publ i ¢ .Jlpearcef oarse not
' ight and air are i nthoep e s ic egmdditeecu gleat se wa

fresprawndde teanwa ugyhdsgcd ¢ye cfoodmuni cati on
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Fi g32®Bublic Space on Standard Fl oor
FigureAS8ohr ce:

3.22Longnan Jiayuan

Longnan JiayXahui s Sthecapgemadpi edeti aeded in 20
Ther eei @guei | diimvgesud(i o tbhwsilindg rag,aruti medn mme and
commer ci al building) in the cdmMnmuodirtsy.,a wi t h

publ i c demt@bmureigtieysi gned by Shanghai GOM

1) Open Roof

There are height differenaodsgasmomgdt e es ebwar
in the formhehet @&drmgprsrnouonib eplc aotdf dursnesd t o cr ea
di f fleeswealbpen. rome plantimnmgnamdtc ymmurmrisc &tan

out her e.

Fi gB2Zhe Use of Open Roof
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FigureASB8ohoce:

2) Open Ground Floor

The enlarged open ground floors of each buil
t wot ory open spaces become t hesiddantys .acDurviin
the visit, the author saw parroeunntds fwiotohr cohfi In
buildings. They said, "the sun in the yard
much better but with enorug ht Hatg htth'e.s eB eospi edne sg, r

are directly connect eadf ensi tahn dp uobtl hiecr ascpta cve st.y

Fi g323®pen Ground Floor and Corridor
FigureABobhoce:

3) Public Spnagce in the Buil di

Similar to the Pinnacle @ Duxton, Longnan Ji

fl oor s, and its vertical traffic cores are e
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necessary facilities cdhuch nardtr taafls Iftehge g reedc ecphtaii
from the indoor to the entrance hall, maki nc¢
The corridors are not <c¢l osed, giving a c¢omf

private spaceoriffofrr dbte wivieehHdmomdvopri vacy.

Fi g3242ublic Spase in Building
FigureASobhoce:

323LM Youth Community

LM Youth Community viidllageat editiiranSHuisweii ct ,
from timeusprtewo naedseapliet tiast eamt apartment r ecc
buil ding". It was completed at the end of 2

apartmeatar chenevitduortbsh DOFFI CE.

1) Open Roof

Li mitedorbiygitntad buil dings, ndei sosmalslpacklowe

di fferent roofs are arranged with different
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drying space, equi pment space, etc.gAkthough

roof, the interconfmermdteidom®dodan wind bhe dugpg ffeoren

Figdxd2®aily Use of Roof

FigureASobhoce:

2) Open Vertical Garden

Thepecially designkedi codrngsoha®debsweeme a sup
public space in the original Ilbyuiclagirh geasf Tthhe m
funchtutonal so provi des at opdmmueoirdiadé ori dyoourmd s

provindediliohhwaave space .for each househol d
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3) Open
A s mal |
Ast her e

Figl2eor riimoirde Buil ding

Ground

FigureA8B8obhoce:

FIl oor

coprtypyacdensesat cuear beuwrbdpaarcyesbet we

S no

uni fied

safaathy ovp areksi magmof toorr

. A.fffAi illlliu

Fi @B2Publ ic
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vehicl es

Space in front of the BuU



FighoerAmwd chor

33Positioe odimp@pen Publi-cn&pmees

3.3.10pen Roof

1) The &dpengoodf sunshine conditions and onl
provides sufficient space for the prubdiicent s

bal cony to make up for the I imited indoor ba

2) The w@@e&en breoafsed as a part of the greenirt
|l ei sure and communicati on. | t can become a |

i mproves their | ife quality.

3.320pen Vertical Garden

1) The open vertical gar deng,i swhiocchatcoealn iinn ttrl
natur al |l ight and wind, makeseupnios tahe dias a

t he grounde, tahned paelrlceeviivaedn dietnys i & fyf ocorfd ahbilgeh h o u
2) As a comparatively is$sel amed shpdcerwi ttihen:

garden can provide many types of activities

communi ewdtdiomm, fotness, et c. Besi des, it i S I
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3) The open verti cearl pglaarcdee nf oprr oovh idledsr ean . s ado
activity spaces in the community, the users

Terefore, it is easier for parents to keep ¢

3.3.30pen Ground Floor

1) The open ground floor can be used as the
public space with shelter and natur al circu

aplicability to different weather, especiall:

2) Most affordable housing comomuortvebi al é®\v

pass, and the safety of the elderly and chil

3) At the same ti me, the open gmastnrdu dtl wroe,
providing space for newstp@ampevelbioxl e garmligrg .

proving the | iving environment.

4) the spacious openn stpraanres foenr tsheeme rroeusnidd & rl to.

from the i ndomwmakeda oup hfeorf otyhee ,1 itmi ted i ndoor

34Summary

This chapter mainly studies the curlrent sit

housing in China, téiemimegc etse i tt g mmorfs ttrhaet eoper
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affordable housing through various studies.

To begin with, through policy, design, and a
affordable and cemsmteudy afli mds st mgr Olditewese n s
the public space of affordable housing and
and usapgersWiveaol ngr eaané x¢ anp e intigy i n t he desi

|l eading cause.

Next chapeer conduct s ca sfeiselod saurfweyd adfl et throau
gual ity of open public space worldwide. |t m
spaces to demonstrate the essentialltobésof
summari zes theeactsipwaictei ecsant hpatovo de to prep
reduction. Besides, the design methods are a

public space in affordable housing as well

Finally, a cachoorvdei nrge stecartcthe tiHd epesitt itwe esf fod
public space on tihnec ofnuet ugrreo u pi sf ea roef at nhael yl zoend .
t hat most of its positive effects are stildl
| oownceongr oups® demand, caensds idteynoomfs ttrhaetiirn ge xtihset

extent.
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CHAPTER 4. PHYSICAL CARBON EMISSION ON THE
OPEN SPACES OF AFFORDABLE HOUSING

41 Research MQQdeRes ®amr ah Obj ect s

This chapt erphyosciuceanls icogprabt heof open public s

housainndg eaaes i tesmtsoehywhf € aCpolhe Assessment

One -high residential buil ding hysclhasemrmatr®dob
emi scsaloaaul at i osnoutiwheCabshnaswi hh hot summer and
are 15 fflloors ((@bdnvdenetdrooundunaerground), 4 3.
11552%imn6nt ot al buil di ng -saoruetah,j n20. 64 0d edg rnege ss hte

coeffiimadlemdi,ng 168 househol ds.

42 Cal cul ati on Met hod of Physical

Buil di ng

Theypihc al c aornb oinmpeansits sa f t histBleiufdgg Cyclceal
Assesomemtui |l di ngs, he aockderschamgaantait ey ty

open public space.
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42.1Composi PhynCadbEormi ssi on

According to thedarfds.e medhivsitcdmbdieh p s g Bl € car bo
emi sefi olhui Il dings i nto tmhpaetmaiuseppraars: anansds

The stages of eBhablllegart are shown in

Tabdll®a) or St agEmi 98 nh @eimMfdeo Cy c | eo fA sBsusi sl sdm enngt

Construc materi al producti on,
Us e operation and masnhkna
Dembl bn bui l di sghantl ing, mater

Tabl e ot hoe

The <calculation method of annual dwer age c a

Formul a 4. 1.

Ap = ABc + 8y x A+ AFy
A For mul a

AE,car bomnschamge perbuunidti ngrnecaonstructi o
AEpbannual emiasdibammge perbuunidti nagr euas e
AE,car bomnschamge perbuunidti nagr edee mol i ti on
Aservice |ife

422Cal cul ating Met hod of Car bon E

Construction

The carsioomn eaiasange of the constructmaotne rpiaarlt
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production and constructi on.

4221Mat er i al Producti on

Materi al p r © @ ugcrheeeonnh oeussieg isgsaoshh e pr ocess of r &
mining, transportaltdiomgamat erica@lus th é&itn @if e vain
schoalalr sov erhatvhee swaurdli dmd stsh ® rocfd redo ofrf reer ent mat
producti on. Theref-dept hi oa ltmtaudieaptditotntt i, scmo bor
emi ssi ontfaketrodlseowwa res. I|Tihtee rcaatribrbea ngms e si by

s pecmaftiecr i ailomprmpalrucani t arédarmahabédePbbabboead
emi sshamdgvedhobb ei | di ngpromatuEearsn @ainnit area can be

Formul a 4. 3

AEmateriat = AD X CEFpaterial For miel a

AE,qrericp CA T beommi s s i on ucnh a o0 gag emeufi il oda tnegrrioaduct i on
(k g G/Of)

ADt hi ckness chanm)e of this materi al (
CEFpateria C @ T B MM sfsdo@mtn of t tpirso drugette>rofna |

?=1(AEmarerial X S)

AEyar =
FA For muBl a

AEys;Ccar bon emi ssuinanothsmgoeé epbupt ddmgt mamer i al
(kgL

nnumber admatBsangek

ithe specific materi al

MEparerid C 2T DbON  emi s suinaft a& hamipgei fpkeirmmo dnad teir 0 @ |

(kgL
sapplied area Apf this materi al
FAtotal bui})ding area (m
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4222Constructi on

Enercgoynsummpt icoonnsitructi on mai nl vy refers t o

constructiw:e equi pment

Material transporteantiisgre nme aercs g the earcbagny
of transport vehicles in tehrei aplrsa oferoanc onir €ér s r
to constrThdtsi goma psirt edso.es not bduot ndoirree cd d tya ielxe
carbon emission fearcitalrssr toaftaindsipf fiearEateit g ynhat a b
Consumpt Uvbint peaenthi €Oimlat eflriaanp or tSh a[G8 N The

met hodc ulfatcianlg c¢ grelro nu ndshp sasriiefcainco fmat eir $ al tra
SshownFoirmul.a Téatrb e micshsainoghe whol e buil ding |

transppert aaumion ardabgpamuba dbtaine

AEtranspo:lftati.s\n = AD X CEFtransportarion For midl a
AEtransportation C AT BN SEh @mge pers puerciitf iacr ensa toefr i al trat
(kgL
ADt hi ckness change of this material ( m)
CEFiransportation C @ 1 BO s s iaccrnt tormat fe r i a | traesiportati on (

Z?:]_(AEtr(mspormtion X S)
FA For mibl a

AErpan =

AEggayC@r bon emi ssuniohodhawngéepbuitdansgomaateir ol
(kgL

nnumberhamfged materi al s

ithe specific materi al

AEansportation C 2T BOINSEGM @mge per unit ateansepoatapeon

(kgL
Sapplageddfi s ma&terial (m
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FAtotal bui?)ding area (m

Congtiwn equi pment use refers to the carbon
douing construction (geBgnabkl ¥ hbas®ds bnhuetl ied

generated in this study are tiny, no specifi

423Cal culMat ihmgl of Carbon Emission f ¢

The construction s sé&w@ aospteargaetsi olny ainmc lnuadient e |
carbofdhei mlperati onstaagdge mdientman anesamer gy cons

partand the buil datnigvec.ar bbon sink is neg

42310peration and Maintenance

The operation and maintenance stage refers
building opbecani dr, swmiud¢ at PBELBRA Sbabwhake. PK
software-2t {lDepaD@®Mmentanft Emeacagrye, VRs®3 t he w
met eorol ogical data of the simulated area, a

by the rktactéeonh meefhod to obtain the buildin
PKP-WMBECA Shanghai i s bbhbeldungenappsofvtalwvanadf o

Shanghai . I't |l oads the meteorological dat a

comparati veliynurhmake osnt hmore accurate.
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Taking the sample building selecttedoiwerchap
consumption simulation in operation and main
building information f(isoch astsacuiconmnref tlyps
doors or so-py ax)erbunoldkel|l aayxcecrawdngg ©D0 the €4
buil di ng, 3) put balcony installation and ot

(5) Set wup all ptaerrtisachdsfc utl(h®d) ee maldo sannrad ymee .

Tabdl2 KP-MBECA Si maoatesson Pr

Basic I nformat Model | i dbg alyaeyre

Mat eri al Set Cal cul ating
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RABRITHRES

A

[N

AR 2019 4N 80

anatinien

Tl e ShAhwtrltcer

Af ter obtaini pgwethres usnipmu loant eddat a of buil din
conditiaomualtitar bonpemi gsinonahecebdapegam@t bon st

cal culFaotrendu lbay 4. 6

AEsperation = AAD X CEF,ipctricity For mipl a
AEgperaion @ N NU Al e Mias dioammge per unit amea of buil di
(kgL
amMDannual variation of powelrdicrpgasamponon per
(K Wh Am

CEFpioctriciey 97 1 d car bon (kegmiBGKYWn factor

Gi ven t hcealccwrlraggnton of carbon emission from
released a variety of grid car beolni reemiesmiisosni d1
factor dat a, regi onal grid average CO2 emi:

emi sscitoonr ,f acarbon footprint grid emission fa

data i1s the regional grid bas$elgirna emies maigen
emi ssion factor dat a, both of which are rel
fomer one is mainly used to calculate the e

reduction projects (CCER,cadRE)I,ataendt hteh ec arabtoti
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gene

rated by general el ectricityi scosntsuudnyp.t i on

Mi nysof Ecol ogy andh&snvd miofnimedtt hd BPRLCndary
cal cul ated el sasv eodhatga c&€f@ rpower grids accor ¢
The | atest data was Tahdldea sSehda nignh a2i 0 ki ds, H aosct ast heor
China Regional Powerze@i sdj owi flac@oV@m}Er &g & 0C
which i s @.KWB)5. (kgCO
Tabd3Regi onal GXQEdmiAsvseircangeFact or Dat a
Name Provinces Factor
(t gN\OWh )
Nort Bei jTinagpj HeStheain,xi , Sha 0. 8843
Mongol i a
Nor tth Li aoning, Jilin, 0. 7769
East Shanghiadngsu, Zheji al 0. 7035
Cent Henan,, Hdbran, Ji anc 0. 5257
Chongqing
Nor tth Shanxi, Gansu, Qingh 0. 6671
Sout Guangdong, Gu@uigzhouy 005271

Tabl e : Sdwi mdkexctorl yo goyf and En[@9 r onment

4232Car bon Sink

Bui |l

ding carbon sink refers to the carbon d

vegetation and greemrdimg iumset hewvhprcodceaesasn onfeu

emi s

The

sion. I n this opeprpepupl ot spgcepreseasch

carbon sink factors of different plants
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building carbon Bynkocmamnl dedcal cihatedr bon
unit area of the bawarlbdamgsicmmkn ibre tolhhd awmaelde by
AEpiane = S X CEFpian: For murl a

AEpane Annual cahbdekge®Onk

Saretnhgerfeen mand

CEFpiane car bon sink fakegt OB per unit area

AE ane
AEppant = ;Am

For miB8I a

AEpavr annu al ecnairststimmee umift warod @ bui I(kigng car b
cCaol A
AEpiane gn nu a |l ic ackhbaaing gs2) C O

FAt otal bui?) ding area (m

424Cal cul ating Met hod of Car bon E

Demobl bn

Carleomssion from building demolition mainly
and materi al recycling. As the demolition p

etsi mati on.
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4241Bui | di ng Dismantling

The dismantling st,agthrnisnpcolrudaetsi ocno nasntdr udc tsipoons .

Building cened stbee mmggpmomer ated by the use

construction equi pment i n the demolition pa
equi pimmentthe buil di ngneroanlsity,uctth e nf qpramdar. dset a
foarnal odicwalatdcan i Adthtei £ omrsd diucttiiom. vari abl e
study are tiny, no specific calculation is n

Transportation and dad asrp&msiads hoafg gneaesrtaet erde fdeurrsi i
t he @l eanrdi nitatainecpophase of construction was:
according t emitshseif oatahmdb omf or ementi oned mat er
According to [fOhe cotnsdy uof iermh Wgs t8ed %i D f g dru i
materials used. Thus, the energy consumpti or
byor mul aTHHe 9car bon emi ssion change per unit

came obt Ziomend L@y 4

AEtras/I =AD X CEFtransportation x 0.8
For moOl a
AE,.,carbon emipsesi ommnictpea@yged ¢c materi al waste ¢
CQ A
ADt hi ckness change of this material ( m)

CEFransportation C @ T B N sfs & omo@c ioffi ¢ rmatseproird la/t®h on (kgCO

T (AE XS
AETRASH — [—1( Pt;lash )

For midlOa
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AErrast car bon emi ssion change per unit area of
( kg &GO

"numbferclmanged materi al s
it hecdpgial mater i

AEvasn car bmnsshamge per unit area of a specific
(kgL

Sarea of applica®ion of this materi al (m

FAt otal bui3) ding area (m

4242Mat afFri Recycling

Buil ding matgeefi @arthse rteceyeglcil i ng of some buil d
demol i tion, which has a cemi a8 nldaowepvaecrt, otnh e
materials involved in this study do not i nv.
wood ThetbBéocal cergtyi constuumemni on for recycli:i

425El ectricity Usecbabi GsoaopslLawd |

on Power Consumption of Building

|l nfluenced by the economy, tihnec cerhes cgrra ucp st ys hc
a ome constatvatiwkeki ch means their actual el et
than the simulation dat a. To estimate the pc

accurately, t his di ssertation revisres the
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coefficisenctoefThci ent comes from the actual

affordable housing.

The actual buil ding energy consumption i ncl
conditioning), domestic hottcwatdemn,@ OdLai) IRy ne I(¢
HVAC accounts for the most significant pr org

reachi[fifg 0. 65

Tabdd&Energy Consumptieon of Different

Type HVAC Ho t We El ectric Ki t chi
Rat i 65 % 15 % 14 % 6%

Tabl e : Sdugjnc e

The eight affordabl e i bowxiteaedg! -@atngse naf oo rcdhanp
housi nghobeaesehtainrgphaesi @ikats have | ived for mo

the number of households ranging from 56 to
Firstly, the energy coasbmpiidomgsattaeofi mu
simul ation process i s mppnensstemuadmidoitb nbteht €& n

further el aborated.

Tabds®odel stofSamipgle Buil di ngs

1# 2#
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Through simulatioas $s$héwMlseé n are obtained

Tab4e&i mul ati on Data of Eight Sampl e I

No Shap Area Annual F Annual C Annual
Coe (md) Po w r Poav Consump
ci e Consump Consump (KWh/Am

(K Wh 2)m (K Wh A)m

1 0. 3'115409 17 . 33 9. 9 27 . 23

2 0. 3111826 16. 01 9. 79 25. 81

3 0. 4 59214. 15. 51 9. 6 2 25. 14

4 0. 4 11552 16 . 58 9. 53 26 . 12

5 0. 4. 4615. 15. 6 9. 56 25. 11

6 0. 3'11541 16 . 6 9. 3 25. 9

7 0. 311595 15 9. 3 24 . 3

8 0. 4. 5798. 17 . 52 9. 92 27 . 43

Tabl e :Swotulm@re

Secondl ypotwlkee aothsalmpti on of eight sampl e ho
735 howsathel des pohmei mdposBerccodmelce ed,ha epr ese
power consumption of 735 hsouucshe haosl dtsh.e Douven etro
yet mQqv eldB 6i mousehol ds owiutnhp earbemno t.chd MG p d wer ¢
549 houaeobbotladsned. The data dfi sdareeahadblu7i.l di ng

Tabd7Power Charge Statistics

No. 1# 2t 3# a# 5# 6# # 8#
Tota 144 144 72 16 8 56 144 14 4 72
House
Coll e 144 14 4 72 16 8 56 33 46 72
House
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Vai | 10 2 98 52 14 3 34 27 40 53
House

Tl e ShAwtrkcer

Ass he power consumption simulation of PBECA
air condititoreitcagemp 8VAC)thtei slagtaudy cal cul ates
power consumption of%) DbRugirinduilnag 4HVIAC ( KWh/ m

XU -+S8SXRyyac
n For mudlla

Ea annuaat ual HVAC Power Gonsumption (KWh/ m

"number of valid househol ds

ivalid household serial number

Wannual actual HVAC Power "CKWEBumption of val
Unumber of all househol ds

Stotal buim) ding area (

Revacr ati o of HVAC in total power consumpti on

According to the calcul alti powett heonsdtm@mpt iean

sample resi ddafadle&r & .d8B8bt ai ne

Tabd8®et ail ed Data on Actual Power Consumpt i

N o Tota Avera Total Tot a Act ua Actua
Powe Powe Pwer Aree Buil d HVAC
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ConsuConsuConsu (m Annua Annua
i on i on on o Powe Power
Vai l Vail Whol ConsunConsum
HouseHouse Buil ¢ n (K Wh /?)
dKWh d(K Wh (K Wh (K Wh /?)
1 21304 2088. 30076¢€¢11549 26 . 04 16 . 93
2 22227 268. 32660¢11826 27 . 62 17 . 95
3 12149 2336. 16821¢5924. 28. 40 18. 46
4 24231 1694. 2846 7°:11552 24 . 6 4 16 . 02
5 6331°% 1862. 1042846 15. 22 .60 14 . 69
6 4296t 1591. 22914¢11541 19. 85 12. 91
7 8647 2161. 31130211595 26 . 85 17 . 45
8 11421 2154. 15515¢5798. 26 . 76 17 . 39
Tabl e :SAotulm @re
The comparison curve between simulated HVAC
HVAC annual power consumption of sample res

Al t hough

The

c

an

t heedi t tvearl tumecse fbleutcieuat es ,

correction coefficient of actu

be obtained by calcul at iRrg @t be

30 27.23

27.43
25.81 26.12 259

—— 25.14 25.11 243

16{93

Power Consumption
=
(53]

1795 1846 17145 17,39
16l02
14l69

12191

2 3 4 5 6 7 8
Building Number

= Simulated HVAC Annual Power Consumption (KWh/m2) Actual HVAC Annual Power Consumption (KWh/m2)
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Fi galrSd mul ated amatd EtecariAnnmny Consumption
FigureA8B8obhoce:

43Physical Carbon Emission of Ope

The open roof has specific requdegseanemites f oof
of d@mpuil dings is generally only wused for I
an open space for human activities, the fl oc
used for human communicanhiont eredeesej bbpeth
roof; when it is used for planting and ornan

cal cul ates the carbon emission of di fferent

The most significant diidlferrenacts dred weheeaoddt ei
thickness increment of C20 fine aggregate ¢
with the accessible roof, the planting roof

meet the basic pleagnmutirmgnents of pl ant

Tabdo®i agrams of Different Roof Str uc

|l naccessib Accessi bl g PPanting

Planting Soil
Non Woven Iilter Layer, IDrain Board

100mm Graded Macadam

40mm €20 Fine Aggregate Concrete 60mm 20 Fine Aggregate Concrete 40mm €20 I'ine Aggregate Concrete
4mm Asphalt Waterprool' 4mm Asphalt Waterprool 4mm Asphalt Waterproof

20mm Cement Mortar 20mm Cement Mortar 20mm Cement Mortar

130mm Foumed Concrete 130mm Foumed Concrete 130mm Foamed Concrete

120mm Steel Reinforced Concrete Slab 120mm Steel Reinforced Concrete Slab 120mm Steel Reinforced Concrete Sla
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Tabl e Swtuhar:

Foocarbon emasége bind g ef @ metaosb,t ai n the relations
di fener open roof areas atnlde bupdmrdi m@o fc aarmea ie
from 0% to 1e0p%i st épiTheeweertiimant traffic ar
el evator room) is reserved for theplpdiongnuse,

otd opeinsrb@0 %.

Focarbon emission chaogdé pebs dbt&kaemdtrtne open
experi mabl ald avagpetoaf e8d)i(set f ori etnhcee .e xTpheern ,
doing the carbon emissisdmusi omunlatiisonacwleers i t

pl ant icgcumpmwifng from 0% to 100 %.

43.1Bui | @ongtructi on

43.1.1Mat er i al Producti on

Due to the change of r o od micsosn sanr afta avt@anri ma &

materials need to be introduced into the res

Thldd Wata Sheet fge ®foRooti GansStauction |

Mat eri al Fa c tCBE, 4ioria Uni t Sour c

C20 Firneg aAtgegy C /1.17 kg C&H Do n[L]

Graded Maca 8. 76 kg C&H f  Culi73]
Tabl e Source: Sour ce Men
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DAccessi ble Roof

Accortdo ntghe i oomn gitrrawg th g s, the thickness of C
t haeccessi bl e roof i s 60 tnmen awiciecshs iibd e2 O ononfi .t
t or mulda td.a®liec an bien eodb.t a

z
I.-

TabdlaMat eri al ACbasgebbé& Roof

Materi al Thi ckn Fact o Carbon E
C h aAm g CEFmaterial C h a nA@m@ten’al
C20 Fine Aggr 0. 02 361.1 7. 22

Tabl e AMAuotuhrocre :

By addi nagt au pi n hteheed ctaar bbloen, epmeirs suirofnt aadreeegsei bl e
roof isJ®m 22kgCO

2) I naccessible Roof

According to the construction drawings, 300m
are increasedobbrcompapéedawe eyl Bming i mgo fs.oi |
a natural t snateawibsashnonr he productinemg!| pcbedss
Accor dronrgnutjoad dlitaddllieéman be obtained.

TabdlleMat er i al PChalRhofoa gof

Materi a Thi c kn Fact or Car bon Er
Ch anm g CEFmaterial C h a nA@m@ten’ai
Graded Ma 0 1 8. 76 0. 88

Tabl e Swtuhare:

By adding upet tdabd ®taa biom epneirs suinoint cahraenag eo f
roof i s J0m88 kgCO
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According to the Faobromwue vae adlc e | cageiti®oin lssesnido n

chgean diffduenngatéas mat ewheamhyepigodadbtteen st
r o(® & b4.1€3 andarnkaeaesns icchmmnge di f f elruegntngt ffhes mat e
production stage when gtelflda bdkedka of open roof

Tabdle&€ar leaonm s€hange af Mao-dDuidtfieomntArGpaen Roof

Arae(®m 1155:1155:1155:1155:1155:1155:1155:
6 6 6 6 6 6 6
Shape 0 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4
Coef fi
Open FO0. 00 14.8!29.1'44.5!'60. 0(74. 3.89. 1
Ra to
Open F 0 00C112. 221. 337. 454. 563. 675.
Ar e a
Carbo 0.0C 007 014 0.21 0.28 0.35 042
Emi ss
Change
Mat er
Produc

(kgL

Tabl ecBwtuhor

TabdleCar lEonm s€hange ofodMatriddlerPmtTyQpeen Roof

Arda) 1155:1155:1155:1155:1155:1155:1155:
6 6 6 6 6 6 6

Shape
Coef fi

|l nacce 0000 0.00O0 0.00O0 0.00O0 00O 00O 00O
Rodfat i

Access100. 83 3567. 2 50.0132.7:16.6!0. 00
Roof F %

Pl ant 000 16. 6!32. 7:50.0(67. 2 83.3'100.
Roof F %

0. 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4
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Carbo 042 036 030 024 017 011 0. 05
Emi ss
Change
Mat er
Prodt i

(kgL6

Tabl e Sotuhare:

From t,he tdseetean bbat both accessible roof and
emi ssion of building materials production. F
area,bomeemiassi on i ncrement gradually decrea

43.12Constructi on

Energy consusiptuoni oinn ntaoinn | y refers to ma t
construction equi pment useti A meahtyi cmd d uil @

carbmnsaefi omhe rmaperit alt ion par

Due to the change of roof mtcemssbnuctticoor mabé
mat erti @é&rsanispportati ohreod@dapeadbeoand etmo sksa oinn co e
ofC20 fi ne oanggaedyra e @ d athmena her i al transport a

can be directly inq®8.red through Yan's datab

Tr ansapgocar bomesomai nly related to the .quality
As deémrsity sofi Iplamdt sdb | i d cl ay brick?3are basi
t hcer boins £imo n sfoa d thterra madtpipdimiiseest i mat ed by usi ng

cl ay ¢kt a.
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Tabdlldbat a Sheedr tfotri dm al%tsgpge of Roof Const

Mat er Fact ot Uni t Sour c Factor
" kg C4 #

C20 F 101. 82 kg C# Ya [68] 101. 829

Aggr e

Concr

Gr ade 0. 036¢ kgC#®H kg Ya 58] 73. 8

Macad:

Solid 38. 892 kgCQ/ 10 Ya[b8] 26 .58

Bri clk brick

Soi | / / / 26. 5875

Tabl e Sotuhar:

1) Accessible Roof

According tioon her awinegs ,ub@h@ ftihnekaggsepdt e
oft heccessofbl esr 60 mm, whi c ht hiema ©@e anani btlhel crka

Accor dFonrgnutjoad ditaddllec an be obtained.

Tabdlleévat er i al ChanRjoeofof Accessi bl e

Mat eri e Thi c Kk Fact or Car bon Emi ss
Ch anpy CEFansportation  AEtransportation®Emateriat
CEFateria
C20 Fine 0. 02 101. 82 2. 04

Concret

Tabl e Sowotuhar:

By adding up thda heéatcarbont lemers atbbbiet cchaeage of
accessi Bl @g@Odf i s

2) Planting Roof
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According to the conpsltainmgt somnl|l daawi 46 mMm3 Qg0 m
are increased fopandae wiltamtt mg irmadceosi bl e

TabdleMat eri al Change of Planting RO

Ma t aelr i Thi ckn Factor Carbon En
Chamnng  CEFyansportation Change
CEFmateTial AEITanSpOrtatiOn
AE, acerial
Graded Ma 0 1 73 . 8 7. 38
Soi |l 0. 3 26 .59 7. 98

Tabl e Sotuhar:

By adding up tthiekead dtoan iemi (slsd otna I theelanagretai m d
roof is Jif. 36kgCO

According tal ttihdemaFadrodue a wé . Stehre getr bon emi s s

chaongeféret dareag t he congthaepuecnt itobaecfs eiasge bwhken
ro@fabdig, taned carbon eoMidedeonuygm@aygge he constr
stage when hdepheen arr ctcafr gifesd4ll H(e

Tabdlle&ar lEonm s€hange of -OdnfefnerruOop dmweBRoof

Ared(nil1l55 1155 1155 1155 1155 1155 1155

16 16 16 16 16 16 16
Shape 0 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4
Coef fi

Open R 0.0014.8 29. 194 .5'60. 0174. 3.8 .1

Rati o
Open R 0 0C112. 221. 37. 454. 53. 675.
Ar e a

Carbo 0.0C 0 0z 004 006 0. 0O€ 0.1C 0 1¢2
Emi ssi

Change
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Constr.
(kgL

Tabl e Swtuhar:

TabdleCar lkonm s€hange of Oanfdsterrwemotil yopeen Ro

Ar ¢ &) 1155 1155 1155 1155 1155 1155 1155
16 16 16 16 16 16 16

Shape
Co e fefnit
|l nacce«0. 00 0. 00 0.00 0. 00 O.00 000 O 0O
Roof R

Access 100. 8.3 . 67.2 50.0:132.7:16. 65 0 @%
Roof R %

PlantinOO0016.6 3.7:50.0167.2 83.3!/100.

0. 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4

Rati o %
Carbor 042z 0 3€ 0.3C 0249 017 011 0 0¢t
Emi s1s i
Change
Constr
(kgL

Talbe SdAuwn dhor

From the dat a, it can b eansdetpnnagnhmeo etdbosten t he
car beomnsafi omud d nds tnrgu & © weiwntelr , e keef i pcanting roof
t he ceamibsosm omegmeamdtual Isy decrease

432Bulidi ng Use

432.10peration and Maintenance

Thi g pasid aitend -PBERBSRRAM ghai . Tloe eésdamwil caegd oinn tpa
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t wo parts: t he carbon femirsesai oann do ft hdei fd arrbemn

di fferent open roof type.

1) C&mb ek obonf ferent eOpen Roof Ar

The structure of thet baadrlthorg @fmiss @@ racaet ri toani na
mai ntenance. According to the different func
into three types: irwnahde pdiakilsEnipfaloova@dces s
The dnteer between the three structures main
perfor masgice @lfso odiff ferentsanddetdasce diheef dreant
tr &msfcoeftf hieniaercte sefi bl ehae o@es irwlo D,.am&lbhe. 778

pl anting roof is 0.446.

The experi meevccasietmh eeanb @@fc c o mfigar 0 %, 15 %, 29 ¢

45%, 60%, 74%, 89% respectively.

Thetnhe annual «arabfkggeG/@dmiteémip@m at i on and mai nt
stage i s Eameluid aflled daylicsuhloawhea ddlddda t a

Tabd2eCar lEonm s€hange of Oper at-iDarf faemrdnMa iOpteenn
Ro &fr e a

Areé)(m1155 1155 1155 1155 1155 1155 1155

16 16 16 16 16 16 16
Shape 0. 4 0. 4 0. 4 0. 4 0 4 0 4 0. 4
Coef fi«
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Open Roc0. 00 24.8 29.1 4.5 60.0 74. 3 8.1
% % % % % %
Open Roc 000C112. 221. 337. 454. 53. 675.
Annual |l 6. 5 16. 5 16. 5 16. 5 16. 5 16. 5 16. 5
Power
Coxnumpt
(K Wh Plnrja
Annual ( 9.5 9.5 9.5¢: 95¢& 958 9542 954
Power
Consump
( KWh%E an)
Annual 6.1 26.1 26.1 26.1 2.1 26.1 26. 1
Consump
( KWh?E an)
Annualr 00o0oC 000C 000C 0.0C 0.0C -0.0 0.0
Consump
Change
( KWh? an)
Revd s/Ann 0. 0C 0.0C 000C 0.0C O0.0C 0.0 0.0
Power
Consump
Change
( KWh?k an)
Carbon E 0 0C 0 0C 0@ 000C 0.0C O0.0C O 0OC
Change
Operati
Mai nt en
(kgLéra)

Tabl e Sowotuhar:

Accordi ngalh ovheenewtdhaetrae i s no o0 pceonn sruonopft,i otnh eo fé
the buthdi hgrgest, i2n6.tlh2eKdghasne r oo é p & We u a |
consumptthbemun | @i hbei smal | €Duge 26. ifhigWisdmma | |

dif eremnaedgldect e
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0.00

Carbon Emissions Change of Operation and
Maintenance

0.00% 1485% 2919% 4459% 6000% 7434% 89.19%
Open Roof Ratio

Fi ga2Carnltani s€hange of Oper at-HDard faemrd nMa iOpteen
Ro &fr e a

FigureA8Sohoce:

Fi g42slseows t he teendcldomgar pem uni opeanemowith

ar.eaWith thepemar,ealbwi lodemgssamsunm hanged.

2) C&mboecksoonDi fferé&nppeOpen Roof

As ment i otnlegh e &fb ocoa®n be usedglitose@ilmatiagyg weldl
peopl e’ s commu,naincdatli iofne . eAhoeax cdiidkfiehear etnot funct
structursaf mbh&lesd abmange, whithilacoceaemns shdldkivaind
pl antifng¢lsaebd9e. The di fference between these

t hseur face | ayer. The heat transf,andcobbati of e

103



the pltanofidmeg .0

Then, the annuehawowfe dohfiemeaepebgaipieon and mai

stage Iis Ealmnwibhaté¢dé &ylc uWlgehta wha h4l2€l

Tabdl2eCar leonm s€hange of Oper at-iDarf faemrdnMa iOpteenn

Roof Type

Ared(m11155 1155 1155 1155 1155 11552 1155

16 16 16 16 16 16 16
Shape 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4
Coef fic

|l nacces 000 0.00 0 OO O.OO O.0OO O0.00O0 O OO
Roof R
Accessi t100. 8.3 67.2 5.0 3.7 16.6 0 00
Rati o % % % % % %
PlantinO0O0O0 16. 6 3.7 5000 67. 2 8.3 100.
Rati o % % % % % %
Annual |l 6. 5 16. 5 16. 5 16. 4 16. 4 16. 4 16 83
Power
Consump
(K Wh Am
Annual ( 954 9 52 951 95 9 4¢ 9 47 9. 4¢
Power
Consump
( KWh?) m
Annual 26.1 26. 0 26.0 25.9 2593 25. 8 25. 8
Consump
( KWh%) m
Annual 0.0 0.0 0.1 0.1 0.1 0.2 0.2
Consump
Change
( KWh?) m
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Revised 0.0 0.0 0.0 0.0 0.1 0.1 0.1
Power

Consump
Change
( KWh%) m

carbon EO0OO0OCO.0 0.0 0.0 0.0 0.1 0.1
Change

Operati

Ma iemta n «

( kCg A

Tabl e Swtulhar :

Accordi ngpabovehettat annuailsedeérfiKWommumet i
condi miatcrc ecsfs iamlde 250 @ @ KdMh 1/ mwiti ht ef otpd @@ t . mo f
It ncabe tfoeabpd anti ng roof has a amdroei omoMs iStsi V ¢

reduchioopheer ati oenandemat age than the accessi

0.00

' =

00 1qle 3Bl SEllc ol sEl% 108
-0.02 s

-0.02.,.
-0.04
0.04".,
-0.06
-0.06...
-0.08
009"
0.10n..
-0.13

Planting Roof Ratio

Carbon Emission Change of Operation and
Maintenance

Fi ga3Car lEonm s €hangeerodt iOpn andDiMafi mrt emtanRRleant |
Roof Rati o
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FigureA8B8obhoce:

Fi ga3shows t he terneinsds homfmgcea rpkean uni pl aneanwgi th

roaf.eaBecause of itsanhdi ¢k ws hfefaitd ita ratn,s &tglee caol
planting roof 1is negati weleymicsosriroenl atfre douwhladh r
worthe, | argemrgst ©ife pde@aati s, t hei snuanpkte rartehae ocfa

buil dings i s.

4322CarmoSi nk

The genetrhgdaliacnnt i mfy trhoeo f a nmakaels car bon sink of
change. B yt hceo nlsiutl leoziaant@uorne , ssiumkd et adtidrf er ent p
met horded | | . Aspt adt i ng uveolrshyr inkds daaatdkse

average value of DenselysPémnWeddShif@b35 0, 8

4.25 kfpisCOhosen for calculation.

Tabdl2eP|l anti ng Met hod and Carbon Sink

Pl anting Mett Faotk@/)m2
Mi xed Planting of 27 . 5
FIl ower s
Mi xed Planting o 22 . 5
Megaphaher oph 20 . 2
Dwarf Tree and 13 24
Deesy Planted Sh 10. 25
Densely Pl anted 8 15
Wild Grassl anc 1. 15
Lowtem Weeds (I 0. 35

Arti ficial T 0
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Tabl e Sd¢70]r c e:

According toultdteiFl@m omu e aweé | 8 acna rgbeoto htahneg &
di fferentar evheem ropeh aoodsTsabdlde, raonédr Dba
siokRkangeditf oprteynpwdbseh t heh oip nt hmel abdlidest

Tabdl2e&€ ar bon Si-Dk fCleamgpeArCpasn Roof

Ared(1 11552 1155 1155 1152 1155 1155 1155
16 16 16 16 16 16

Shape 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4
Ceffic

Open kK 0009 14.8 29.1 4.5 60.0 74. 3 8.1
Rat i c % % % % % %
Open kK 000 112. 221. 337. 454. 563. 67/5.
Ar ea
Carbon 0000 0.0C O.OC O0.0C O0.0C 0.0C 0 0cCc
Chaf(gg
Oz Ay

Tadl SoAuthkor

Tabdl2eCar bon Si-Mk f Cleam giRo cOp eTy pe

Ar ¢ a) 1155 1155 1155 1155 1155 1155 1155
16 16 16 16 16 16 16

Shape 0 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4

Coef fi

|l nacce 0000 0000 000 0. 00O 0. 00O 0. 00 0. 0O

Roof oR

Access100. 8.3 67.2 50.032.7 16.60 00

Roof F % % % % % %

Planti 000 16.6 32. 7 50. 0 67. 2 8.3 100.

Rat i c % % % % % %
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carbon O00C-0.0 0.0 0.2 0.1 -0.2 0.2
Change
Oz Ay

433Bui |l di ngi e mol i

According to the anal yesnisseifmnhhe2.td,anemployt at

di sposal of waste stage need to be calcul ate

As before, diervoft t®ench a ncga¢r ibaims seiad re r fi ad tsqr 4

various materials in transportation stage ne

Tabdl2dbat a Sheet for Transportation Stage o

Mat e al Fact o Uni t Sour ¢ Factor
" k g G/OA
C20 Fine 101.8:kgC#®H i Yai[6s] 101. 82
Concret
Graded Me:¢ 0. 036 kgC#®O k Ya [68] 73 . 8

Tabl e Sotuhar:

1) Abtes Roof

According to the construction drawings, the

t haecclelssir oof i s 60 mm, W hi iencahc ci ess s2i0b Ilmem rt dhad fc.k e

t 8or muldatdhadbdie an be obtai ned.
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Tabd2eévat eri al ACbialmlge Rd o f

Mat eri e Thi cki Fact or Carbon Emi ss
Ch a By CEFuansportation AEiransportationBEmaterial
CEFnateria
C20 Fine 0. 02 101889 2. 04

Concret

Tabl e Sotulhare:

By addithg dpta thetbobertambl|l epnéarssuoniht tehamre@geoo
accessible r2omaf is 2.04kgCO

2) Planting Roof

According to the construction drawiagns, 300m

arecaseed for the planting roof compared wit

For mu)] ad dltaddlliehan be obtained.

Tabdlz2eMat eri al PChahgaeagoRoof

Materia Thickn Factor Carbon En
Ch ampy  CEF.ansportation Change
CEFnaterial AE;ransportation
AEaterial
Gr add eMa c a- 0 1 73 . 8 7. 38
Soi | 0. 3 26 .59 7. 98

Tabl e Swtuhare:

Bycal cultdatei ocnar bon emessamedtchighrage i ng roof
12 .9R g G/Ofn
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According to the Faobronwue acwaél .citichret gcemtm band emi s s
chamgle fferent areas of toippena grethoaftpedu rri ova@gf tihse
accdssiflToabd2g , tahned c arsh om eaerhiagdigef et doepent ypes

roof dumohng shhestodgpeae ovalfem t heTabdl2dgest (

Tabdl2e&& ar lEonm s €hamde De mbil i fsdar ent Open Roof A

Areé)( 1155:1155:1155:1155:1155:1155:1155"
6 6 6 6 6 6 6
Shape 0 4 04 0. 4 0. 4 0. 4 0. 4 0. 4
Coef fti
Open F0.00 14.8!'29.1'44.5'60. 0(7434989. 1
Rat i
Open I 0.0C112. 21. 37. 454. 53. 675.
Ar e a
Carbo 00C 002 003 005 006 008 010
Emi ss
Chang:
De mol

(kgL

Tabl er c&aw hor

Tabdl2eCar lEonm s €hange of-DDéfmekriesh Open Roof T

Ardga) 1155:1155:1155:1155:1155:1155:1155:
6 6 6 6 6 6 6

Shape 0 4 0. 4 0. 4 0. 4 0. 4 0. 4 0. 4
Ceffi.

|l caes«0 00 000 O0.0O0OO O0.0O0OO O.0OO O.0O0O OO0O
Roof I

Acces¢100. 8 .3!/67. 2 50.0132.7.16.6!0. 00
Ro oRat %
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Pl ant 0000 16. 6!32. 7:50. 0167. 2 8. 3!100.

Roof | %
Carbo 010 020 0.30 041 051 061 0172
Emi s si

Chang:

De mol

( k g9

Tabl e Sotuhare:

434Summary

Throkghmul athelcal culation and simulation r
cal cullhastagdb.on e mi @& hbeuni | cdhifanidy® e e rotb pyegaarts on can
be obédntvwbegen roof area | FaWiBdf erent, as sho

Tabdl3éCar lEonm s €hange ofDiBfufi d rddRmtg f OpAe re a

Basi Ared&@)(mi115'115!/115!/115!/115'115! 115"

I nfor 21 2.12.12.12.12.12.1

n Shape 04 004 0.4 0.4 04 04 0 4
Coef fi

Open R 0.0 14. ¢29. 44 . 160. (74. 189 .
Rati o % % % % % % %
Open R 0.0 112.221.337¢454 .5 3.675.

Ar e a 9 7 8 9 7 6

Const Carbor 0.0 00 01 02 02 03 0 4
on Emi ssi
kgG@® Change
) Mat er i
Produc

Carbor 00 0.0 0.0 OO0 OO0 01 01
Emi ssi
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Change

Constri
Use Carbor0®@ 00 0.0 00 OO OO0 OO
(k gG/IOM Emisrsi
La) Change
Operati
Mai nt el
Carbon 0.0 OO OO 000 OO OO OO0
Chang
Demol Carbor0.0 0O OO0 OO OO0 OO O 01
(k gG/OM Emi ssi
) Change
Demol i
Annu: ly 000 0.6 07 08 09 1.0 11
Car b« 10 vy 000 0.0 0.0 0.0 OO0 OO OO
Emi ss 20 vy 000 0.0 0.0 0.0 00 OO OO
Chang 30 vy 000 0.0 0.0 0.0 OO0 OO OO
Build 40 y 0.0 0.0 00D 0.0 0.0 0.0 0.0
gC® f e 50 vy 000 000 0.0 OO0 OO OO OO
)
Tabl e Swtuhare:
Based on tnhneu adlatcaar btohne eami sdiidre Clyanh ge Aclsaist
of the bui IFdigddd) ei sOvcerraawn t (hoepheenf sremd dantgo o f

i ncriecaasreb ooh s,s i bount

t he

of

same

t he

i merRasa g wat d

its meée as

operati ngt hoepmen,arveiatfhet aenuatr easboa

tihled abhug 8 @asncr eas
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S

S

© o o p
5 8 &8 8

o
8

1 year 10years 20years 30years 40years 50years
m0.00% m14.85% m2919% m4459% m60.00% m7434% m89.19%

Annual Carbon Emission Change of Building
©
8

Open Roof Ratio

Fi gidCaar bon Emi ssion -Bhahgeenf Bpea dRog
Tabl e ASotumhar:

The carbonanegnti hbesfii ddi ify i n differentegears of
when open rbbér engpeahdd3dsihown i n

Tabdl3eCar bon Emi ssion -Chakege OpeBuRbdAdfngype

Basi  Ared&(m115: 115 115:115:115.115: 115"
| nforr 2612.12.12612.12.12.1
Shape 0.4 0.4 0 4 04 040 40 4

Coef fi

Inacces 000 000 0.0 0.0 OO OO0 OO0
Roof R % % % % % % %
Access 100 8. 67. 50. 32. 16. 0 0
RoofoRO®® 5% 7% 0% 3% 5% %
PPanRoon 0.0 16. 327 50. 67. 83. 100
Rati o % 5 3% 0% 7% 5% 009

113



Constr Carbor0.4 03 0.3 0.2 010100
n Emi ssi
(kgGOM Change
Mat er i
Produc
Carbor0.1 02 03 05 0.6 07 009
Emi ssi
Chmg e
Constru
Use Carbor0.0 -0.060.¢-0.(06-0.¢-0.1-0.1
(kgGOMm Emssi
a) Change
Operati
Mai nt e
Carbon 00 0.(C-0.C-0.1-0.1:-0.
Chang:
De me h Carbor0.1 0.2 03 0.4 0.5 06 07
(k g G/OR Emi ssi

NN
1

o

NN

Change

Demol i
Annua 1y 0.6 0.7 0.8 0.9 1. 0 1.1 1. 2
Car bec 0 y 0.0 00 -0.(0.0-0.7-0.1-0.:
Emi ss 20y 0®» -0.(0.(-0.1-0.1-0.:-0.:
Chang 30 y 0.0 -0.4(-0.(-0.1-0.:-026-0. ¢
Bui |l di 40 y 0.0 -0.(0.1-0.1-0.:-0.:-0.°7:
CQ fa 50 y 0.0 -0.(-0.:-0.27-0.:-0.:-0.°7:

Tabl e Swtuhare:

Based on tnhneu adlbbcaa, emhesiaon kihfaemg€@ychearAs 9d s ¢
of kduiel di ng irse dar.a5wyn. (IFti gecuan be cl early seen
carbon emission increase wiitthe tfhier Bthwyg ®ars,e o
ider essistth t he i ncr efasre -tledrnng Ir. aundtmiii ssgytstheoowf i f t h

building is  hplnamtgi argnr maAddlyy ,a positive r ol e
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carbon emissi.on of the building

1.40
1.20

1.00
0.80
0.60
0.40
0.20
0.00 m_ - -

- [ ] - |
-0.20 1 year 10y£“ 20yell| 30y 40y 50y

-0.40

Annual Carbon Emission Change of Building

-0.60
m0.00% m1665% m3273% m5000% m67.27% m8335% m100.00%

Planting Roof Ratio

Fi gaa5Car bon Emi ssi on -Bihfahgpese oRfo oBu iTlydien g

Tabl e Sotuhacr:

44Physical Carbon Emission of Ope

The open vertical garden has an i mpact on bu
t hus af fceaathiomg etmhessi on change of thBhiBuil di

section calcul ates the carbon emission of di

The open vertical garden has specific requirtr
whcih is different from t he oaardidgeidnalo aonhees .| oAane

the ceiling so that the heat transfer coeffi

115



of

Shanghai Resi

dent

al Buil di ngr sEnaregy

C

construdidede yi bt épelraomodfo hagn dwhi ch means t hi ck

and waterp

For

exper.i

Tabdl3dDi

roofing

| ayers are necessary.

agr ams

of

Di fbf eSruarnets t Ro o f and SI

Inaccessid

Accessibld PPbanting

40mm C20 Fine Aggregate Concrete

4mm Asphalt Waterproof
20mm Cement Mortar

130mm Foamed Conerete

120mm Steel Reinforced Conerete Skib

4mm Asphalt Waterproof

20mm Cement Mortar

130mm Foamed Conerete

HUmm C20 Fine Aggregate Concrete

120mm Sieel Reinforced Conerete Slab

Planting Seil

Non Woyen Filter Layer, Drain Board
100mm Craded Macadam

40mm €20 Fine Asgregate Concrete
4mm Asphalt Waterproof

20mm Cement Mortar

130mm Foamed Conerete

120mm Steel Reinforced Concrete Slab

Nor mal Sl ab

El evathed SI

30mm C20 I'ine Aggregate Concrete
Watcrproof Coating

10mmn Cement Mortar

I5mm Inorganic Insulation Mortar

120mm Steel Reinforeed Conerete Slab

30mm C20 Fine Aggregate Conerete
Waterprool Coating

10mm Cement Mortar

15mm Inorganic Tnsulation Mortar
Waterproof Coating

120mm Steel Reinforced Concrete Slab
25mm EPS

10mm Cement Mortar

ocated on

me nt alr

Tabl e Sowotuhar:

car bomhamdiesdii fnememer tdarcemds ,gairrdemr der

t

C

¢ éhrev @ b i e sdceenfhfeq roweeens | c ails gar den

t he s eveEhnet ghefiliosors eaf attah ett wbau i gl tlda ranirg

structualdO@doe & ©idibl. eobt ai n the relationship

ver tgiacradle mas and

ncreased

bui

di

ng wan bghacradeens as sii ® n

from 0% itho th0G% extpeep i mgnstephe
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(stairwell and eé@viaoorbuwuiolodi)ng suseseso ther

the proportvemt iodals h®drmdem

Fooar bon emission change of ,di hfoemcdmttrhtgpen v
experi mabtebk, vahe | argeest fedkmpetr.h aleheean ,( 9Rd%)Nn g
the carbon emission simulation when the fl oo

occupying from 0% to 100 %.

441Bui | di ngtiComstruc

441 1Matieal uRrtado n

As tbaeling and floort hhepenmcveral canhamgapedken b

carbon emission factors of various materi al s

Tabdl3ebat a SheducfooiweBtabeGasttenc€Coon Materi

Mat eri al Fa ¢ tCBE, yrorial Uni t Sour c
C2Bine Aggreg: /1. 17 kg C&H Do n[7]
Cement Mor i 393.65 kg C&H Do n[7]
Graded Maca 8. 76 kg C&H 1 Cul[i73]
EPS 3%2.08 kg C®H b Zh [V4]

|l norganic I ns 89899 kg C®H b Zh [V4]
Foamed Conc 182 . 13 kg ©J B Wa n[zp]

Tabl e Swtuhare:

1) El evated Sl ab
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According to const rnuecnti ommp edtr2dwmidnagasEa&ILI € d mm c e
to the etempaeddsWwiablha ld.h eA cod an dniafmTgr béeel2

can be obtained.

Tabd3eMat ¢éChanfyeEloevated Sl ab

Materia Thi ckn Fact or Car bEonmi s s
CEFmaeria
Ch aAIQg ‘ : Ch a nAén@teriai
Cement M 0. 016 393. 65 6. 30
EPS 0. 025 3662. 08 9. 05

Tabl e Sotuhar:

By addtilneg duapt a tihre tclae btolnh fpgnd Sisn iottnheet e @ t @ fd
slia® 15.8% kgCO

2) Accessible Roof

Accordhaegcoostruction drawings, the 30mm C2
cement,amar tla3rO mm f oame dn cloanycerre taer ei nasdudl eadt itoo t
roofpeedn twheé hor di naHywefviergr 1&Imanb i norgani c i
mortar | ayAkaocarsdioreghut¢tadodl3dg?an be obtained.

Tabdl3éMadr i mdngdec mdssi bl e Roof

Mat eri al Thi ckr Facto Carbons &i
Chamg CEFnaerim Ch @ NAG,Eceria

C20 Kggeegate 0. 03 361.1 10. 84
Cement Mo r 0. 01 393. 6 3. 94
Foamed Conc 0. 13 182 . 1 23 . 68

|l nor galnatModrmts -0. 01 89 .89 -1. 35

Tabl e Swtuhare:
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By adding up thehabacmr a mi stshpee nt aobhlaeh,gear ea o f
accessi Bl7e 1L0&@iCOi s

3) Planting Roof

According to the constructiom grrreadve ch gmgc B8dan

10mm C20 fine aggregate concrete, 10mm ceme|
insul ation | ayepl amtriengadrdeaf toomphaer ed wit h t
However, the 15mm inorganic inpluhatiog moila
a natur al mat eri al in building materials, it

be negAceccotredionrgmutjoat dbRe 4. 36 can be obtained

Tabdl3eMat eri al PChahgaeagoRoof

Mat ér i a Thi ckr Facto Carbon E
Chamg CEFnaeriw  Ch anag,8.riu
Graded Macas 0 1 8. 76 0. 878
C20 Fine Agagr 0. 01 361.1 3. 61
Cement Mo r 0. 01 393. 6 3. 94
Foamed Conc 0. 13 182. 1 23 . 68
Inor ganatci drmtsad -0. 01 89 .89 -1. 35

Tabl e Sowotuhar:

By adding up tthilekead dtoan iemi (slsd otna thigalanagretai o d
roof is M. 75kgCO

According to the Faobronvue acwadl.cud ra togn® the nta mses i coanr b
chmage idff ed entthboepeaaseonti cal garden in the mat

t he grtolwep@nofverti cal gaTdediBdWes @aamcesgilssbdl get
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carbon edti 6E66eparnthdep grpelsi gdar den i n the mater.

st avdieen t he hogpreena veefr t i clage gab4dBegn i s t he

Tabd3eCar boinsseinobn Changecoi-DiMatt eremtit O®Op®muVer

Garden Ar ea

Ared(ni1155 1130 1111 1093 1074 1045 1016
16 23 71 09 52 94 08

Shape 0.4 041 0 42 045 0.4¢42 0.45 0. 4¢

Coef fi

Open Ve 0 00 16. 2 28.8 4.1 53.6 72.5 91. 9

Garden % % % % % %

Opencwe 0 0C122. 217. 310. 404. 546. 69 2.

Gaed Al

Carbo 00C 057 1.0z 1. 4¢ 1. 97 2. 7¢ 3. 51

Emi ssi

Change

Ma er i

Produc

(kgL

Tabl e Sowotuhar:

Tabdl3e&€ ar lEonm s €hange of Mat-riifdlerRmadd OpteinoVer

Garden Type

Ar ¢ a) 1016 1016 € 1016 1016 1016 1016 1016
08 08 08 08 08 08 08

Shape 0 4¢€ 0. 4¢ 0. 4€¢€ 0. 4¢ 0.4¢ 0.4¢ 0. 4c¢
Coef fi

Access 100. 83.7 66. 0 50. 0 3.9 16.20.00
RoofoR % % % % % %

Plantir0 OO0 16. 2 3.9 50. 0 66. 0 8. 7 100.
Rati o % % % % % %
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Carbo 357 3 5C 3 42 3 3t 3.2¢ 3 21 3 1¢
Emi ssi
Change
Mat er i
Produc

(kgL6

Tabl e Sotuhare:

4412Constructi on

Thecar bemi s $inoncoinen rloyai nef er s t o materi al tor
construction equipment. 2usd.hi As sment omneod | iyn

carbon emission of the material tramges.portat.

Due to the cdanlgadb mdofel evrmagter ucti on materi al
factors of varhieoasstpadti emi sltagien Mkead bto:m be i
emi ssion coefficient of C20 fainElESapegrisagtit e cC
transportabeodiyeagegucared t [6BloCuegrhe nta nmosr tdaart, :
i norgani c i axnul dtoiaome dmarotnamr et e can be esti me
emiosnsifactor of othenngdment| pvadtct $t eAadan
of cement mort ar itshea bdoouyt ridpedmdsOictkygrd snul ati on |
about 4#£00arkdg/tmhe dry density o foam concret

Tramdpaar boinmacimilsys irloenl ajtyeadaintdo vtiol ume of mat e
materi al and density «oofk phentall got heasdmseol
kgPmheear bon e mi spslieonstafinigeti awm stpd i stspmased by

using solid clay brick dat a.
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Tabdl3ébat a Sheet for Tran&podwatsitomncSti age Maft e

Mat eri al Factc Unit Sourc Factc
" kgG/IC

m?r
C20 Fine Aggr 101. 8 kgC#H M Yafes] 101. 8
Graded Macea 0. 036 kgC#H k Yal[bg] 73 . 8
Solid Clay 3892 kgC#l 0 Ya|68] 26 . 58

00 br
EPS 0. 016 kg CH k Ya [68] 0. 422
Ot her Cement 0. 034KkgC#®HKk Yalb8] /
Cement Mor / / Aut hc 69. 2
l norganic | ns / / Aut hc 13. 8¢
Foamed Conc / / Aut hc 20. 76
Pl anting £ / / Aut hc 26. 58

Tabl e Sotuhar:

1) El evated Sl ab

According to colstmmuctimemtdmawitmags) ayer

and

to the elevated sl ab for ceilinocompar dd4wi

Tabdldér an be obtained.

TabddéMat er i al Change of Elevated

Materia Thickn Factor Carbon En
Chamnmy  CEF,asportation Change
CEFmaterial AErranspartation
AEmaterial
Ce meMotr t a 0. 016 69 . 2 1. 11
EPS 0. 025 0. 4225 0. 01

Tabl e Swtuhar:

122

S|



By adding up t the datrad oinn etphees stuanhltec,ha e@e of a
roof isJdI 12kgCO

2) Accessible Roof

Accogdim the construction drawings, the 30mi
cement mortar, and 130mm foamed cenmsibte in:
roof compared with the od&mmarywofrigaorcsli ak.!
mortar Iayreducé€&dr mAtTeaodldslagy be obtained.

TabddeMat er i al Change of Accessible R

Mat eri al Thi ck Fact or Carbon E

Ch amng CEFyansportation Change

CEFpaterial AE iy ansportation
AEmateriat

C20 Fine Aggr 0. 03 101. 82 3. 05
Cement Mo r 0. 01 69 . 2 0. 69
Foamed Conc 0. 13 20. 768 27 0

|l armiac | nsula -0.01 13. 84 -0.21

Tabl e Swtuhare:

By adding up thaedatabibn tpheerssuanbhe calreerageof a
roof isJd@n 24kgCO

3) Planting Roof

According to the const ngucgo@admnd rgavaidregds ,ma30addr
10mm C20 fine aggregate ,aondcilid0mm fL0mmedeme:
insul ation | ayer are added to the planting

Howev &5 mm i norganic insuteBeoawlseenrttianrg |saoyier
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a natur al materi al in building material s,
be negl ectebBor AhatTarbdldedigntioe obt ai ned.
TabdseMat eri al Change of Planting
Mat eri al Thi ck Fact ol Car bEormi s s
Ch a ng CEFtransportation Ch an g €
CEFmarerial AEtransporration
AEmaterial
Pl anting £ 0. 3 26 . 587 7. 98
Graded Maca 0 1 8. 76 0. 878
C20 Fine Agager 0D 3617 1 36
Cement Mo r 0. 01 393. 6°¢ 3. 94
Foamed Conc 0. 13 182 . 1: 23. 68
l norganic Ins -0.01 89 . 89¢ -1. 35
Tabl e ASwtuhlhare:
By adding up thleedaambom dimies &iiadtihectah eetag o d

rocf 21k.g& @

According to the

change of

ground of open

the carbon emi ssitohoep en

when the area of

Tabdde& ar bon Emi ssi on

124

fadbromel acwwé cmbhat gen

ditfhbepeentveat easal ogarden i n t

deffecaehtgaypes
openTa 4l # 1.

ah e
he

vetrhadcc &ls s g Tha bdlégh ogwe odni al so

o f

cal garden is

C hDainfgfee roefn tC oQwpset nr u\ketrita nc
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Ar e a

Ared(ni1155 1130 1111 1093 1074 1045 1016
16 23 71 09 52 94 08
Shape 04 041 0 42 0.4: 0.4<2 0.4% 0. 4¢
Coef fi
Opre Ver 0. 00 8 13 28.8 41.153.6 72.5 91. 9
Gar den % % % % %
Open Ve 0.0C122. 227. 310. 404. 546. 69 2.
Garden
Carbo 0.0C 00€¢ 014 0.21 0.2¢ 0. 3¢ 0 5¢
Emi ssi
Change
Constr.

(kgL

Tabl eeSotulha@r

Taldel Zar bon Emi ssi on ChDainfgfee roefn tC opsetnr uveetrita nc

Type

Ar ¢ a) 1016 1016 1016 1016 1016 1016 1016

08 08 08 08 08 08 08

Shape 0 4¢€¢€ 0 4€ 0. 4€ 0. 4€¢€ 0. 4¢€¢€ 0.4¢ 0. 4¢
Coef fi

Access 100. 8.7 66. 0 5.0 3.9 16. 2 0. 00

Roof R % % % % % %
Plantir0 00 16. 2 33. 9 50. 0 66. 0 8. 7 100.
Rati o % % % % % %

Carbo 0.5C 067 08¢ 1.0z 1. 1¢ 1 3¢ 1 5¢
Emi ssi

Change
Constr.

(kgL

Tadbl|l SoAdw ber

125



442Bui |l di ng Use

44210per at iMani natnedn anc e

This part i s SLBELCAaBgdhaby HFKBMsi mul ation prc
t wo parts: the carbomweemicadonepacdredi fher eat
emi ssdiohf efeatt opa&ly pgar den

1) Carbon Emission for Different Open Vertiec

To obtmelhathenship between different open verl

consumptib@an ovlpgratridccan area I s 10CYeatsep By osnt &
this exTher ivieenttr.atfi c area (stairwell and el
experfionnendui |l di,ngsoredgwricalt vhéattiloea proportion

verticals dg@&n0den

The structuriemgofhashea kwirlt ai nndsunpptcitb eo no ft he
operation and maintenance. t hdepee s tvwalrcttiuaeael oda
is eintf drmaom mta | one, using accessible roof &
el evated Isilnagh. alsheceheat trahabeilrtsheeRe@iBeident
sl ab i s tbhaed38&Os siamlde roof iis 0.778.

The exper ienseioxa sotshneu loapte n v,arc t o afadr ¢gZbB % e n
41%4%B3%82Wespectivel y.
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Tabdsebi f ferent Rati o of Open Vertical

16 % 29 %

41% 54 %

73 % 92 %

Tabl e Swtuhare:

Then, the annual ciarr lbaopre r @mii i cam dc hmaani gnet e n a

cal culFaotrendu Ibdy e4 @atd cdat a alraebdldsgh own 1 n
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TabddeCar bon Emi ssion Change oOi fGpeerreantti oOp eann

Ver tGacradle @ a

Ared(m 1155 11370. 1111 1093 1074 1045 1016
16 23 71 09 52 94 08

Shape 004 0.41 042 0.4z 0.44 0.4*% 0. 4c¢
Coef fic

Open Ve 0.00 8 13 28.8 4.1 53.6 72.5 91. 9
Gar den % % % % %

Open Ve 0.0C122. 217. 310. 404. 546. 69 24
Gar den

Annuialti 16.5 16.8 17. 0 17. 2 17 . 3 17 . ¢ 17 . 9
Power
Consump

(K Wh Plrja

Annual ( 952 951 95¢% 954 951 947 9 6:
Power

Consump

( KWh? an)

Annual 6.1 26.4 26.5 26.7 26.8 26. 8 27 55
Consump
( K Wh?k an)

Annuaéer 0 0C 0 2¢ 0.47 0.6z 0. 7€ 0. 7% 1 4¢c
Consump
Change
( KWh2 an)

Revised O00CO 1¢ 0 3C 0. 3¢ 0 4¢ 0.4¢ 0 91
Power

Consump

Change

( KWh? an)

Carbon E O00C 013 021 028 034 0. 32 0. 6¢
Change
Oper ati
Mai nt en
(kgLéra)
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Tabl e Swtuhlhacr:

Accordingabhove hetldatannualt hhbauet gy ngomsumpei s
when there is no open ver#ti ovahli | gartcen,anwluiad
consumplkuiomg sofe | argest when the open vertic
27. 55K¥WhTmen overtical garden increases the bt

coefficientamwbhrebhskeeatlsbuol ding energy cons

0.70
0.60
0.50

0.40

0.64
034" 034
0.30 0.28 ..
021 .
0.20
013 .-
0.10 I B
0.00.-+"
0.00 :

0.00% 16.26%  28.85% 41.17% 53.69% 72.59% 91.90%
Open Vertical Garden Ratio

Carbon Emission Change of Operation and
Maintenance

Fi gaG6Car bon Emi ssion Change oOi fGpeerreantti oQp eann
Vertical Area

Tabl e Sotuhacr:

Figdéehows the trend of carbon amifdeeiren ch
poportt lwmepemf vertical garden. With the increece

building car bon aesnmi.ssi on al so inc
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2) Carbon Emission for Different Open Vertic

As ment i otntoegh eamb wee t i c al g darndtei nnsigogdan sleee i nsge d  af
well as for peopl e/andcdmmweni Axztcioom, ngx e ocit he
the gsetofudth@| §¢d osphavmhgeh canakeedisvibded ainmt @ |
roofTdl8)e The di ffer encuec tbuertewse elni etsh ensaei ntlwo i
| ayer. The heat transfer coefficient of the

roof is 0. 446.

Then, the annual car bone diingsesriatni arh aanngde noa i rdt

stagel sl &t ed by Formul a 4. 6 Tarhdldet he cal cul a

TabdldeCar bon Emi ssi on Chhanignet eobfa hEpeerreantti oOp eann

Vertical Garden Type

Ared(m1016 1016 1016 1016 1016 1016 1016

08 08 08 08 08 08 08

Shape 0 4¢€¢€ 0. 4€ 0 4€¢€ 0.4€ 0. 4¢€ 0.4¢€¢ 0. 4¢
Coef fic

Accessi t100. 8.7 66. 0 50. 0 3.9 16.2 0. 00

Rati o % % % % % %
Pl eaammgt iRc 0. 00 16. 2 3. 9 50. 0 66. 0 83. 7 100 .
Rati o % % % % % %
Annual | 7. 9 17. 6. 17 . 5 17 . 5 17 . 5 17 . 4 17 . 4
Power

Consump

(K Whnf?)

Annual ( 9.6% 9.5 9.5 954 9 5¢& 952z 9 51
Power

Consump
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( KWh%) m
Annual 27 .5 27r.1 27r.127.0 27. 0 27 26 . 9
Consump
( Wh /?m
Annual 1. 4 1. 0% 1.01 0. 97 0.9z 0. 8¢ 0. 8¢
Consump
Change
( KWh?) m
Revised 087 067 064 062z 05¢ 0 5€¢€ 0 5¢
Power
Consump
Change
( KWh?) m
Carbon E 061 047 0 45 0.4 041 0 3¢ 0 37
Change
Op eriaon
Mai nt en
(kgL

Tabl e Swtuhare:

Accddrngedababdoive, the annuailsederFyKwWwehmumet i
condi niatcrc esfs iamlde 2160 @® KA mt h e a tpd mchittiingn r ofo f
|t c A outhbhed hpel tainngh®& oaf more posddrnlven i enpiasdi

reducthi bhe opereantainocne asntda gneaitnhtan t he accessi
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0.70
0.60

0.50

0.61

0'4-7....‘..@,45.... 0.43

0.41 o

OI4O Taa, |.¢--|.- : 0'37
|
0.2
0.1
0.00

0.00% 16.22% 33.95% 50.00% 66.05% 83.78% 100.00%

] ]

Carbon Emission Change of Operation and
Maintenance
[an]

Planting Roof Ratio

Fi ga47nCar bon Emigesiodn OPtearmt i o-Midrn @pdaitnt enan
Veiratl Garden Type

Tabl e Swtuhar:

Fi gaihtsehows t he trend of carbon emipdsainan noghan

roaf.eaBecausetofictuset haykresgarcoetlfdwtche adar ¢ a a

pltainng roof is negatively correl atlreod hwirt h t h
wor dhe, Itarger the planted roof area is, the
buid¢deiins.

4422Car bon Si nk

The genetrgdliacn i ofgy trhbeemmumbkesar bon sink of s
change. By cons ulhteiandg onh hesiuinkdte & a alti af rf ee,r e n t p
met haroso | | €Tatbd2BP Aspl ant i ng muxafaelelr wohyr unbds a
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grsa | atnhdes average value of Densebsyeml Waeas S|
(0.25m), whighiisschod®nkdo€Ocalculation.

According to theFabomupvec &laghwclgaetbiodith ®a @k

di ffereattgoapa@ersawadrdme open viestacaed sTgibld léde nr oo
44 B , acarbbehangk& di ff gerent cdlguwaemapte n
vertical igat tehadtdaest

Tabdde&&€ar bon Si-Dkf€Clkeaege Open Vertical Gar

Ared(nil115521130 111171093 1074 1045 1016
6 23 71 09 52 94 08
Shape 0. 4 0. 41 0. 42 0.4 0. 42 0.4 0. 4¢
Coef fi
Ope/mert 000 8 13 28.8 4.153.6 72.5 91. 9
Gar RRan | % % % % %
Opevrer t 0. 00122. 217. 310. 404. 546. 69 2.
Gar d\e =
Caob Si 000 00COOCOOCOOCOOCOOC
Chged @D
I R

Tabluver dSat hor

TabddéeCar bon Si-Mk f€Cleamge Open Vertical Gar

Ar ¢ a) 1016 1016 1016 1016 1016 1016 10 186.
08 08 08 08 08 08 08

Shape 0. 4¢ 0. 4€ 0. 4¢ 0. 4¢ 0. 4¢ 0. 4¢ 0. 4¢

Coef fi

Access100. 8.7 66. 0 50.0 3.9 16.20 00

Roof F % % % % % %
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Planti 0000 16. 2 33.9 50. 0 66. 0 83. 7 100.

Rati c % % % % % %
Ccarbon 00C-005 0.1 0.2 0.1 0.2 0.2
Change

Oz Ay

Tabl e Swtuhar:

443Bui | Demgi on

Accordingnattystisein 4. 2. 4, only the carbon
di sposal of waste stage need to be calcul ate
As before, due toutheooalhsmagteheofcadadbn comiss i

vari ous matcerrtiatliso ntns ttlargaen smeread uc e d .

Tabdsdbat a Sheet for Transportation Stage of

Ma t aelr i Factc Un t Sourc Factc
" kg@G/IC
m3~
C20 Fine Aggr 101.8 kgC®H i VYafe8 101. 8
Graded Maca 0 036KkgC4#H k Yai|68] 738
Sol iy Ediack 38892 kgC#H 1 Yaf68] 26 . 58

00 br
EPS 0. 016 kg C®H k Ya [68] 0. 422
Ot her Cement 0. 034KkgC#®H Kk Yal[b8] /
Cement Mor / / Aut hc 69. 2
l norganic | ns / / Aut hc 13. 8¢
Foamed Conc / / Aut hc 20. 76
Pl anting £ / / Aut hc 26. 58

Tabl e Swtuhar:
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1) Elevated Sl ab
Accordomgt tdrcaewidngnsm clement mortar | ayer and
to the elevated sl ab for ceilinGocompar dd4wi

Tabds5ecan be obtained.

TabdseMat eri al Change of Elevated SI

Mat eria Thickn Factor Carbon En
Chamnmy  CEFyansportation Change
AEtranspormtion
Ce meaviotr t a 0. 016 69 . 2 1. 11
EPS 0. 025 0. 4225 0. 01

Tabl e Swtuhare:

Bycal cutheaet icoanr bon negmgiesrs ivomi thlear elae wadt. D s | ab
k @Q fn

2) Accessible Roof
According to the construction drawings, t he
cement,amar tla3rO mm f oame d acyoenrc raerbee tahdadseadb &tei o n

roof edmwath the omMHdwerairhye fl5onom isnloarbgani ¢ i

mortar | &yAcecdourcdéidonrgmut]®aa b4l5.eélan be obtai ned.
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TabdseMateaelriChangebbdtfe Roodéss

Mat eri al Thi ck Factor Carbon E

Ch amng CEFyansportation Change

AEtransportation

C20 Fine Aggr 0. 03 101. 82 3. 05
Cement Mo r 0 01 69 . 2 0. 69
Foamedr eCoen ¢ 0. 13 20. 768 27 0

|l ar ganicohnMa -0.01 13. 84 -0.21

Tabl e Swtuhare:

By addiup t he datthae imartbhoen tearelses,u oint cehmeage of
accessidl. @gcoOmt i s

3) Planting Roof

According todtrraevi ai@rss ttr3uhdtminbdpObadmndy ¢c a d a m,

10mm C20 fine aggregate ,andcfid0mm f0amedeme:

insul ation | ayer are added to the planting
Ho we ytehre 15mm i nor gamirc |ianyseuA gptlsiaardeddmsarr ead
natur al materi al i n building material s, i ts

be negl ectebBor AaotTarbdieigntioe obt ai ned.

TabidséeMat eri al Change of Planting RO

Materi al Thi c k Fact ol Carbon E
Cha YD) CEFtransportation Chan ge

AEtranspormtion

Pl anting S 0. 3 26 .58 7. 98
Graded Macs 0. 1 73. 8 7. 38
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C20 Kggeegate 0.3 101. 8¢ 3.05

Cement Mo r t 0. 01 692 0.69
Foamed Conc 0. 13 206 7 2.7
l norganic I ns -0.01 13.84 -0.21

Tabl e Swtuhar:

Bycal cut hei emar bon epdErs swreidgt hmpliangeny . 28o0f i s
k g G/Of

According talt @&dkbaFolrdwd,a wWe 1d0dan get the carb
change of differ eantd asptemd veddgleiaghgma ntdleae f

t hoegpen vertisc alccpdiadbdsidle W aksot e carbon emi
chamdge di fferent otpyepnensv £ h & ii dalawhgeanr adtetna o f
open vertiiscalhedadbddnn st (

TabdseCar bmins €i on ChangeDiofff e€€roenrstt r@gorédheaier t i ¢

Ar ea

Ared(nil55 1130 1111 1093 1074 1045 1016
16 23 71 09 52 914 08

Shape 04 041 0 42 0 4% 0.4<2 0.4t 0. 4¢

Coef fi

Open Ve 00098 13 28.8 4117 53.6 72.5 91. 9

Garden % % % % %

Open Ve 0.0C122. 227. 310. 404. 546. 69 2.

Garden

Carbo 00C O0O0€ 011 017 022z 0.31 0 4c

Emi ssi

Change

Demol i

(kgL
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Tabl e Swtuhar:

Tabds5é&Car bon Emi ssi on ChDainfgfee roefn tC opsetnr uveetrita nc
Type

Ar ¢ &) 1016 1016 1016 1016 1016 1016 1016
08 08 08 08 08 08 08
Shape 0 4¢ 0. 4¢€¢ 0.4¢ 0. 4¢ 0. 4¢€ 0. 4¢ 0. 4¢

Coef fi
Access 100. 8378 66. 0 50. 0 33.9 16. 2 0. 00

Rof Ra % % % % % %

Pl antir0O00 16. 2 3.9 50. 0 66.0 8.7 100.
Rati o % % % % % %
Carbo 0 4C 0052 0.6¢ 082z 0.9t 1 1C 1. 2¢
Emi ssi
Change
Demol i
(kgL

Tabl e Swtuhare:

444Summar y

Thr okoghmul,a tdhweliaotalsamdul ati on results of the
calcul ated. The carhieoinl @¢immng siimndichfaemgentofyea

be obtained when open verticlahllddgar den ar ea |

Tl &€&ar bon Emission-Chaihgeewntf OGpeh dVerrgti cal

Basi Ared&d( m115!/113(111:109:107 104 101 |
I nfor 2.17.27.72.03.58.98.0
n Shpe 0040 4 04 03 04 04 O0 4

Coef fi
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Open Ve 0.0 8 1 28. ¢41. 3. ¢72. 91 . ¢
Gar den % % % % % % %
Open Ve 0.0 122.217.310.404 .546.69 2.
Garden 7 3 4 2 1 4
Const Carbor0®® 05 1.0 1.4 1.9 27 3.5
on Emi ssi
(kgGOM Change
) Mat er i
Prodiua
Carbor 0.0 00 01 02 02 03 05
Emi ssi
Change
Constri
Use Carbor 0.0 01 02 02 03 03 0 6
(k gG/IOM Emi ssi
La) Change
Operati
Mai nt e
Carbon 00 OO0 0.0 0.0 OO0 OO OO
Chang
De mol Carbor 0.0 00 01 01 02 030 4
(k gG/IOM Emi ssi
) Change
Demol i
Annu: ly 000 0.8 1.4 21 2.8 3.7 5 1
Car b« 10 vy 000 002 0.3 0.4 05 0.6 10
Emi s s 20 vy 000 0.1 0.2 0.3 0.4 0.5 0 8
Chang 30 y 00 01 02 03 040 4 07
Buil d 40 y 0.0 0.1 0.2 0.3 0.4 0 4 07
gC® fu ¢ 50 y 0.0 0.1 02 03 03 0407
)
Tal e ShAhwbtite:
Basend datea, the annual

of

t he
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| ead@dmboe eafs maslsoto ntehrelewla ne rate is decreasing
Under the same o0pereatsidgnlgeftevirermet,i cvaalit,&gpathhgee ni n ¢

annual carbon emiad siooesnafr etatse bui |l di ngs

o
S

o
8

>
8

w
8

8

1 year 10years 20years 30years 40years 50years
m0.00% m8.13% m2885% m4117% m5369% m7259% m91.90%

Annual Carbon Emission Change of Building
o N
38 8

Open Vertical Garden Ratio

Fi gaa8Car bon Emi ssion -Bhahgeewnt OGpmehdVergt i c al
Figurreck8ohor

The carbon emohbesii d @i oxlgpa m ggoddirdgfeerraet i on can be

when open vertical gar dleanbdlsey pe i s di fferent,

Tabds5eCar bon Emi ssBuwinl -dhmdghgeaonia®DpiGarden Type

Basi  Are&(m101 101 101 101 101 101 101
I nforr 8.08.C8.C8.08.C8.08.C¢C
Shape 0.4 04 0.4 040 40 40 4

Coef fi
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Access 100 8. 66. 50. 33. 162 0 O

Roof RO0% 8% 5% 0% 5% 2% %
PPantifn 0.0 16. 33. 50. 66. 83. 100

Rati o % 2% 5% 0% 5% 8% 009

Constr Carbor35 35 34 33 32 32 31

n Emi s1si
(kgGOM Change
Mat er i
Produc
Carbor05 06 08 12D 1.1 1.3 1.5
Emi ssi
Change
Constr
Ue Carbor0.464 04 0.4 04 0.4 03 0 3
(kgGOM Emi ssi
a) Change
Operati
Mai nt el
Carbon 00 -0.00.21-0.1-0.1-0.2-0. ¢
Chang:
De mol Carbor04 05 0.6 08 09 1.1 1. 2
(k g G/OR Emi ssi
Change
De mal i
Annua ly 511 5.1 5 3 5 4 5 6 5 8 6.0
Car bc 10 vy 1.9 08 0.8 0.8 0.7 0.7 0.6
Emi ss 20 vy 008 0.6 0.6 0.5 0.4 0 4 0 3
Chang 30 vy 09 05 0.5 0 4 04 0 3 028
Bui |l di 40 y 0% 05 04 04 030 30 2
CQ fia 50 y 03 050 4 04 03 0.2 0 2
Tabl e ASwtulhare:
Based on the data, the annulailf €« aCyolne eAd ses9 <

of t hien ¢ uii dFddgrd@wen When t he opertadgynerag st i mwe tihs
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t he ieathpddaasnt i ng roof, t hael ;an meEhdaresasnioo ®@ ¢ Mmia 9
t eynear s, wi edit hpdl e nitn crge alo odfaernidsrd ¢ @md ena e s .
ot her, wiobdk hida mdreegwlpanmr gtliaommbdbngsra more car

savecmgfiee open v.ertical garden

0.00 ||| II “I Il n Il T Ty [T

1 year 10years 20years 30years 40years 50years

N w A 0 o N
8 8 8 8 8 8

Annual Carbon Emission Change of Building
=
8

m0.00% m1622% m3395% m5000% m6605% m8378% m100.00%
Planting Roof Ratio

Fi gi9Car bon Emi ssion -Bhahgeent OGpmeéeh dVergt i c al
FigureA8obhoce:

45Physical Carbon Emi sisosioan of Ope

Theemn gr obaadn filnoppact on bui Inddi nbgu islhdai pneg csoterfuf
thus cafimg t he car bon Bumil dsiinm@gn Ccyhca neg eAdmafessts ime

sectciabpstlhat €ear bon emi s gir @u nabfr fadaiafo fit eyrpeenst. o p e
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Theopen grounsdpédricefmgiruci hm@sment sar ¢ oof thkostrand

whiich di fferent from original ones. An insul
ceiling, so that the heatmatimamud fadr ono e fefqiud ir ¢
of "Shanghai Resi dentuimplt i @8omi ISdiamgamsh'eagy h €

constr o baececde sbsyi bt lpel raona fi nagn o owhli ale spmeans vteh iyg

insul ation and water pséeabl3eéad olveeyyer s ar e nece

For carbomaemes ifond gd b alnodonrtf  aorpeeans in order
experiment al vari abl es, feoropehne gecroonwnredh i felna@aer
stories, andt urhe ddomwmptrs s21TF0%ohbhtaensihleereda

bet ween digfrfoeurnednttfelmgpoerand bui | dti meg gopemuinan e mi
fl oornsi ace & a®end 00%t ©t & P Thbey vsetretpi.c a l traffic e
and eleoumsgt or e sfeorrv eldui,lsdi ntgheusee i's no cal cul a

proporti omr ofunidhséd 100p0eth

For carbon emi srsamtn ahem gy eaxsdm dierf If t@r ctont r ol
experimental variabl dsset hfexp eaetrtlig eTlshee nf,| obai mg
the carbon emission si malcateisemn bwhkem otopie afnldo @

occupyinyg tfa olnD 0 %.

451Bui | dins g rotha t |

451.1Mat er i al Producti on

As the ceiling and f Inoogr osutnrde cftduoeoarlg ehdeavt e rair @
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emi ssion factors of vari guswhmeatheriisal ssa nmee ewdi

verti c dsleTeg bd3ge n

1) Elevated Sl ab

The materi al ¢ hahogpen ivse rtthiec dslabdigealdi @nhc @s d® n
emi ssi @emerc hamigtheelae watosfd | s O . 35 kgC

2) Accedsible RooO

The matechange 1t boeptelne vseame dwabdldgadheer af dDoa

emi ssi omerc hamigthaeac esaasiolhl e rz@&f i s 37.10kgCO

3) Planting Roof

The mataergieali sc hthiwepna me rridiegatd i a8 The car bon
emi ssi omerc hamig#pelaa etai md rod/femis 30. 75kgCO

According to the Faobronwue acwaédl.cilud mt g en sem@ncarb
chawdge cinftf eart doapsgnodund fl oor in the emteri al
the ground of open grToawdicxddWec aor al soageesshbl
emi ssion of dpéehegepouretdynatdeodfaibm pmhleag e he
area of open hger deeBltodr i s

Tabdse&€ar bon Emi ssion Changba fdferMadte m@paeln FR3ro
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FIl oor Ar ea

Ared( m1155 1131 1112 1093 1074 1046 1015
16 32 8 17 61 03 4

Shape 0.4 041 0 41 0 42 0452 0.42 0. 4¢
Coef i

Open Gr0. 00 15. 7 28. 2 4.4 52.8 71.5 91. 6
FLoor % % % % % %

Open Gr 0.0C119. 214. 307. 401. 544. 696.
FLoaorea

Carbo 0.0C 0.5€¢€ 1. 01 1. 47 1. 9¢€¢ 1 9¢ 3. 6¢C
Emi ssi
Change
Mat eelr i
Produc

(kgL

Tabl e Swtuhare:

TabdseCar bon Emiogesi oin MhtaemDiaflf ePeredi@rc@m n d

FI oor Type

Ar & &) 1015 1015 1015¢€1015 1015 1015 1015
4 4 4 4 4 4 4

Shape 0 44 0. 442 0. 442 0. 4¢2 0.4¢2 0.4¢2 0. 4!¢
Coef fi

Access 100. 8.7 66. 0 5.0 3.9 16. 2 0. 00

Roof R % % % % % %
M antinO0O00 16. 2 33. 9 50. 01 66. 0 8. 7 100 .
Rati o % % % % % %

Carbo 3 6C 352 3 4t 3 3¢ 331 3 2: 3 1¢
Emi ssi
Ch aen go
Mat er i
Produc

(kgL
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Tabl e Swtuhar:

4512Constructi on

Thecar bemi ssinonconstructi onatmar indly trredresporttm
constraguecitpmomeante use. As mentpbpanedal yncdl 2uPlat
carbon emission of thenmatéheatonsanspborobate
Due to the change of uecltd wat enda tisebraima | esmid stshicem ric
fdaors of wvar it btersa nnsaptoarraigalisomierd t owbhédkent sodu
same tvmoep &an verti cTabd3gdar den (see

1) El evated Sl ab

The mat er i ad amé aviaggedni svgearhtdiedha dldEhe car bon
emi ssi operchamigt earedsa mcaft 8 d ¥ 2k g CO

2Accessi bl e Roof

The materi al c¢haahogpee ni svetrhtei GSaaldléglawhidient af o @

emi sch amge unitthaeac easiobl e r2odf i s 6. 24kgCO

3) Planting Roof

The materi al ¢ hahogpee ni svetrhtei Gcaaldléggawhidient af o @

146



emi ssi omerc hamig®delaa nrtoionfg i s 22m. 60k gCO

According to the Faobronwue acwaédl.ciud mt ge®inh tame carb
chanfgediofofpesgnre @t n da rfetkoeonr gr bend @rfouonpde sf | oor
acceesrithallp46d , cmen al so get the cepBooueami ssi o

fl oorwhteynpetshe @gr eandd ftbhpee Rlad4legle.st (

TabdedCar bon Emiasgieomwm f -@Odrfdterrus@rtto wdnpdA rFd @ o0 r

Ared(ni1155 1131 1112 1093 1074 104641015
16 32 8 17 61 03 4
Shape 04 041 0 41 042 04: 0.4: 0. 4¢
Ceffic
Open Gr0. 00 15.7 28. 2 4.4 52.8 71.5 91. 6
FIl oor % % % % % %
Open Gr 0.0C119. 214. 307. 401. 544. 696.
FIl oor
Carbo 00CO00¢ 0142 021 027 0.3¢ 05¢C
Emi ssi
Change
Constrmi

(kgL

Tabl e Sowotuhar:

TabdleeCar lEonm ssi on Chang-eidff eC clrsdd u@uaetri lono r

Type

Ar & &) 1015 1015 1015 1015 1015 1015 1015
4 4 4 4 4 4 4

Shap 0. 442 0. 442 044 0. 4<¢2 0.4¢2 0.4¢2 0. 4¢
Coef fi
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Access 100. 8.7 66. 0 5.0 33.9 16. 2 0. @%

Roof R % % % % % %

Pl antir0 00 16. 2 3.9 50. 0 66.0 8.7 100.
Rati o % % % % % %
Carbo 05C 0.6¢ 086 1.0 1. 2C 1. 3¢ 1. 5¢
Emi ssi

Change

Constr.

(k g G/OR)

Tabl e Sotuhar:

452Bui |l di ng Use

45210peration and Maintenance

This part i sM$PBEWCEAada regh abiy. PTIKhWPe si mul ati on pr

t wo parts: the fcerreongnr mapredsrdellaomamodf tdhie ncar bon

of different open ground fl oor type.

1) Carbon Emission for Different Open Ground

To obtaehat henshi p b egrweuennda dfelédsoeral rddi tgpbhgo peenne r
conswomptihgoopdnmfrlecaori s i ncreased from 0% to
experiTmenvertical traffic area (stairwel]l a

epgei medotudilnggul,atsibese no cwhemnltalhe omr oporti on

ground sf I1®®n%.

The structure of the building has tahecertai.l
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operation and maintenaniclkiof dideppeg so v wma tsukr e of
di ffereemorfmalm dre, using accessible roof a
el evated sl ab as ceiling. The heael awatnesd er

sl ab i s 6adB8Osxsddmlidestrd. 77 8

The amemdr isismaxd sadosp ®onf g r anado dfdaa o, 28%, %0%,
53%, 72%,9 2 especti vel y.

TabdeeDi fferent Raocumd oF|l ©®@pr n

2% 92 %
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Tadl SoAuthkor

Then, t he annual ciarr lbaopre r @mii ® i cam dg dim@mni gnet e n a
cal culFaonetda.b4T be c atlac ual raet Estltb4éw@n | n

Tabdee&€ar bon Emi ssion Change oOi fGpeerreantti oOp eann
Gr ou naA rFd @

Ared(m 1155 1131 1112 1093 1074 1046 1015
16 32 8 17 61 03 4

Shape 004 041 041 0 42 0 42 0 422 0 4¢
Coef fic

OpeGr our 0. 00 15. 7 28. 2 40. 4 52.8 71.5 91. 6
FI oor F % % % % % %
Open Gr 0.0C119. 214. 307. 401. 4. 696.
FI oor

Annual |l 6. 5 16. 6 16. 7 16. 7 16. 8 16. 6 16 . 8
Power

Comnumpt

(K Wh Plnja

Annual ( 9.5 9.6€ 9. 72z 9. 7¢& 9. 7¢ 9.8210. 0
Power

Consump

( KWh? an)

Annual 6.1 26.3 26.4 26.5 26.¢€¢ 26. 4 26. 8
Consump
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( KWh? an)
Ann®alwe 0 0C 0 2C 034 0. 4% 0.4¢ 037 0 71
Consump
Change
( KWh? an)
Revised 00CO0 12 0 22z 027 0.31 0. 2¢ 0. 4¢
Power
Consump
Change
( KWhZ% an)
Carbon E O00C O00¢ 015 0.1¢ 021 0127 0.3
Change
Operati
Mai nt en
(k@Lr a)

NY

Tabl e Swtuhare:

According ahevehetdet annual energy consumpti
wlen there giroumg dvhewmh i s% 2&hlP2KEWH/hm annual
consumptioni oftheil dr ggast o wh @& nsf t9%b2e%, 0 whi ch |
26 . B\®h 2. m T h egroopuemnd nfclrcecarses the building surfe

coeifdntc, whaaeamclreade tod buil ding energy cons
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0.35
0.30
0.25

0.20

0.32 _
021 .
0.19
0.17
0.15
015
0.10 003 .-
0.05
0.00
0.00

0.00% 15.78% 28.25% 40.46% 52.87% 71.59% 91.63%

Carbon Emission Change of Operation and
Maintenance

Open Ground Floor Ratio

Fi gaar®ar bon Emiasgieomf COper at tbinf faGrdeovwad nt e n a
Fl cAare a

Tabl e Sotuhacr:

Figdt@eshows the trend of carbopeaewmi sbidmnftéa
prportitohmepegfround Wi obbr t he ingreasndarbéelaobhe o

buil ding carbon emission also increase.

2) Carbon Emi sGpe@notinodTyde dberent

As mentione@Gr abodoedrd ope nu pé c& nft i nign ga,n da ss iwgehltls
as for speommaeni c,atnidord ,i fexerAcicoe ding to the
strecft urhael §o0 ocsoplmavh g e hi vciadneadic eiendtsoi bl e and pl an
(sB®&h9e. The edibfeft e’weemct hese two structures |

The heat transefetheoattiesstehbalte brdqgdfi nigs r®.0o7F 7 &
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0. 446.

Then, the annucaha octpe doiofnfiedriegsesritoynpen and mai nt
stage i s EFEalmnwl aTkhabdayl cul atieaddléddat a i s shown

TabdeeCar bon Emi ssion Change o fGpeerreantti oQp eann
GroundTyde or

Ared(m1015 1015 1015 1015 1015 1015 1015
4 4 4 4 4 4 4
Shape 0 44 0.44 0. 442 0. 442 0.44 0 44 0. 414
Coefént
Acces®iok100. 8.7 66. 0 50. 0 33.9 16.2 0. 00

Rati o % % % % % %
PlantinO0O00 16. 2 33.9 50. 0 66. 0 83. 7 100.
Rati o % % % % % %
Annual | 6. 8 16. 8 16. 8 16. 8 16. 8 16. 8 16 . 8
Power
Consump
(K Wh Am
Annual (10. 0 10. 0 10. 0 10. 0 10. 0 10. 0 10. O
Power
Consump
( KWh?) m
Annual 26. 8 6. 8 26.8 26.8 26. 8 26. 8 26. 8
Consump
( KWh%) m
Annual 0071 0710710710710 710 71
Consump
Change
( KWh%) m

Rei sed ., 0 45 0.4t 0. 45 0. 45 0. 45 0.4E% 0. 4¢*
Power
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Conswuime
Change
( KWh?%) m

Carbon E 032 032 032 032z 032 0 32z 0. 3¢
Change

Operati

Mai nt en

(kgL6

Tabl e Swtuhar:

Accorditmge @auva, t he annsuuanip ti esotea lyllfé ,ccho n
26. 83KWhTmi s i s because the basesnema hesatgiamrm

and rreaftriioghe d ernea nids, e nathereqerigry . consumpti on

0.32

Carbon Emission Change of Operation
and Maintenance

0.00% 16.22%  33.95% 50.00% 66.05%  83.78% 100.00%
Planting Roof Ratio

Fi gaar®Bar bon Emi ssi on Changed eadfa h@peerreantti oOp eann
GroundTygde or

Tabl e Swtuhlacr:
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Fi gaair®rhows the trend of carbon emipssainoemnghan
roaf.dodear bon eimidbsusilparngumreiat does not change v

of open ground fl oor.

4522Car bon Sink

The genetrhgdliacnt i mfy trhoeo f a nmawkaels car bon sink of
change. By cons ulhteamn@omnhesiumidte & a alti g rfee,r en't p
met harosoelclt(Ealb42eg Aspl ant i ng mucefaelalr yhyr unbds a
grassttlmemdaverage value of Densebsyeml Waeas S|
(0.25m), whighiisschod®nkdo€Ocalculation.

Accor di ngv d oc alhecuHadrtonuol na wadn. d8 acna rgbeoto htahnen &
di f fapreenn wrroemchsen open roof Tia$46eapc c easwnsdi rbibea r oo f

siokRangedidgentesp@ohfeanoepenareaft heTabdledgest (

TabdeeCar bon Si-Dkf€eamrgé Open Ground FIl oo

Ared(nil1l55 1131 1112 1093 1074¢1046 1015
16 32 8 17 61 03 4
Shape 0.4 041 0 410 42 0 47 0 4: 0. 4¢
Coef fi
Open Gr0.00 15.7 28. 2 4.4 52.871.5091.6

F 1 oRoart i % % % % % %

Open Gr 0.0(119. 214. 307. 401. 544. 696 .
FIl oor

Car biomk 0.® O0.0C 0.0C 0. 0OC O 0O0CO OC O 0°¢
Changed

/ B
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Tabl e Swtuhar:

TabdeeCar bon Si-Dk f€Ceaergpée Open Ground FIl oo

Ar ¢ a) 1016 1016 1016 1016 1016 10186 101 6
08 08 08 08 08 08 08

Shape 0. 4¢ 0. 4¢ 0.4¢€¢€ 0.4¢€ 0. 4¢€¢ 0. 4¢ 0. 4¢

Cofef i ¢

Access100. 83.7 66. 0 5000 3.9 16.20 00

Roof F % % % % % %
Plantii 000 16. 2 33. 9 50. 0 66. 0 8. 7 100.
Rat i c % % % % % %
carbon 00C-0.0 010 0.1 0.1 -0.2¢« -0.2
Change
O By

Tabl e Sotuhar:

453Bui |l di ngi e mol i

According to the amalrypins eimm s4i dn4 o0fornlhy th

di sposal of waste stage need to be calcul ate

As before, due to thmatdrmningltcenfds dsié b afcaomtsd rrsu
various materials in transpwhti é@dea mes ast aggpee m e

vertical Tghdbden (see

1) El &lvalb ed

Theatneri al ¢ hanhgehoep s nttivcearl ssaptea dl@ehfT {e car bon
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emi ssi ope cthaamigehae ocefd ey BAR G Q

2) Accessible Roof

The materi al ¢ hahogpee ni svetrhtei Gcaaldieggadwhidient af @ @

emi ssi opechamigtaecac easiodl. ® GOobmf i s

3) Planting Roof

The materi al ¢ hahogpee ni svetrhtei GGaaldiegidwhi dient af @ @
emi ssi operchamigepelaa mtai @d’ . k2g8Q/ffm i s

According to the Fobovwd bowégathatthe®ncamlon em
chaongedi ffgreonhdopmoadrmhedarbeanamgli when thhe gr ou
opeqrmmd filso oarc coecsTsailffléee Wean al so get the carbo
dif erendr opred yfidlessotrhe dewlodn sthpesdamenfilsoor ar e
the | Thaklégt (

TabdeeCar bon Emi ssi on ChDainfgeer eoritr @@pmedA riFduac © 1 0 n

Ared(ni1l155 1131 1112 1093 1074 1046 1015
16 32 8 17 61 03 4

Shape 04 041 041 042z 0.4: 0.4: 0. 4¢
Coef fi

OpeGr ou 0. 00 15. 7 28. 2 4. 4 52.8 71.5 91. 6
F | oRoart i % % % % % %
OpeGr ou 0. 0C119. 214. 307. 401. 544. 696.
FI AAare ¢
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Carbo 0.0C 0.0€ 011 0.17 0.22z 0. 310 4¢
Emi ssi
Change
Demol i

(kgL

Tabl e MASuhtwrrce:

Tabdlee&&€ ar bon Emi ssi on Chh@ainfgfee roebr t€C onmetrFluc 6 i o n

Type

Ar ¢ a) 1015 1015 1015 1015 1015 1015 1015
4 4 4 4 4 4 4

Shape 0 44 0. 442 0. 442 0. 4¢2 0.442 0.42 0. 4!¢

Coef fi

Access 100. 8.7 66. 0 50.0 33.916.20 00

Roof R % % % % % %

Pl antir0 00 16. 2 33.9 50. 0 66.0 8.7 100.
Rati o % % % % % %
Carbo 0 4C 0542 0.6¢ 082 0.9¢€¢ 1.11 1. 2¢
Emi ssi
Change
Demol i
(kgL 6

Tabl e Sowotuhar:

4545umary

Throbkghmul athelcal culation and simulation r
calcul @ahedcar bon drbesisli dinng hiamgei foffer ent yea

be obtained when odiefnf agsreosubnpdavipfl@énor ar ea i s
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TabdeeCa bon Emissi on Chiamfger erit BOpé i Grgound |

Basi Ared)(m115'113 111:109:107 104110 1!

| nf or 2.12.32.¢7.18.64.0 9. ¢

n Shape 0404 04 04 0.4 0.4 0 4
Coef fi

Open Gr 0.0 15. "28. :40. «¢52 . ¢71. 191 . ¢
FIl oor % % % % % % %
Open Gr 0.0 119.214.307.401.544.696 .
FIl oor 2 8 0 8 7 8

Const Carbor 0.0 05 1.0 1.4 1.9 1. 9 3 6
on Emi ssi
(k gG/IOM Chanfge
) Mater.
Produc

Carbor 0.0 00 01 02 02 03 05
Emi ssi
Change
Consitot

Use Carboro0.0 00 083 01 02 0103
(k gG/OM Emi ssi
La) Change

Oper ati
Mai nt el
Carbon 0.0 00 00 00 00 0.0 00
Chang:
De mol Carbor0.0 00 01 01 02 030 4
(k g G/IOM Emi ;s i
) Change
Demol i
Annu: 1y 0.0 009 1. 4 2.0 26 238 4 8
Car b« 10 y 0.0 01 0.2 0.3 0.4 04 07
Emi ss 20 y 0.0 0.1 02 0.2 030305
Chang 30 y 00 01 01 02 03020 4
Buil d 40 y 0.0 01 01 02 0.2 02 04
gCH f ¢ 50 y 0.0 0@ 01 02302 0.2 0.4
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Tabl e Qoathoe:

Based on the data, the annulailf &€ aCywime @AE Ses i C
of the builFidguWwdh@ i sOdemaavinl ( ftghuen ds eitltiollonrg e@afd o
tanncrofasear bon emi ssi on, but the increase
Under t he staimme ,opwirtalt idndgegnm o wnc dae ftkdeeo 0afn nu a l

carbon emi ssi al sof amice elawsi | di ngs

o
8

o
8

»
8

0
8

38

1 year 10years 20years 30years 40years 50years
m0.00% m1578% m2825% m4046% m5287% m7159% m9163%

Annual Carbon Emission Change of Building
o N
8 8

Open Ground Hoor Ratio

Figud@&arbon Emission -Chfahegedofoudpéniedaomg
FigureASBobhoce:

Thealbon emi ssitohbaiclhdinmgge iof di fferent years of

when grpewmnrd yfpleoa s shéwbka®iad, as
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Tabd7dCar boss iEom

Chang®i 6f eBe&rtodidpmg@yde or

Basi  Ared&d(m101 101 101 101 101 101 101

| nforr 9. 94 9.:9. .94 9. ¢ 9.

Shape 04 0.4 0.4 0.4 0 4 0 4 0 4
Coef fi

Access 100 8. 66. 50. 33. 16. 0.0

Roof RO0Y%Y 8% 5% 0% 5% 2% %

M amtiRO0 O 16. 33. 50. 66. 83. 100

Rati o % 2% 5% 0% 5% 8% 009

Constr Carbor3 6 35 34 33 33 32 31
n Emi s1s i
(kgGOAm Change
Mat er i
Produc

Carbor05 06 08 1.0 1.2 1. 3 1.5
Emi ssi
Change
Constr

Use Carboro3 0.3 03 03030 30 3
(kgGOM Emi ssi
a) Change
Operati
Mai nt el

Carbon 00 0.C0.21-0.:-0.1-0.:2-0. <
Chang:

De mol Carbor04 0506 08 09 1.1 1. 2
(k g G/OR Emi ssi
Change
Deno |l i ¢

Annuas ly 4. 8 5.0 5 2 5 4 5 6 5 8 6.0

Carbc 10 vy 007 07 07 07 0.6 0.6 0 6

Emi ss 20 vy 005 05 04 04 04 0 3 0 3

Chang 30 y 0.4 0.4 030303020 2

Bui |l di 40 y 0.4 0.3 0.3 03020201

CQ fia) 50 y 04 0.3 03 0202010 1
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Tabl e Swtuhlhacr:

Based on the data, the annulailf € aCypolne eAd sSes9 X
of btuhiel di ngFiigirgr aWwWhmenh t he lbpestadyie@any st i met hs
t he ieatrphanting roof, t heahaauas cacfataebro nmoernei
t haeyear s, wi telof alpti mogpcammbagl tdhaer bon emi ssi ¢
decr daxs @g .hagrf btuhrdddsinndgeergo par ptliaomdwomhhgi $ a mor e

car-bamcmgfi ce rpeennd f |l oor

1 year 10years 20years 30years 40years 50years

o T S
8 8 8 8 8 8 8

Annual Carbon Emission Change of Building
©
8

m0.00% m1622% m3395% m5000% m66.05% m8378% m100.00%
Planting Roof Ratio

Fi garEarbon Emission-OChahgedotfoupme& yrdéemg
Fi guiSoAutcthkor
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46 Compar atweoehn fofeedOpemib ISpac e s

Il n the cphraggvtiemrbes b ors seminf fodr ent  arfoepaesn arnodo ft,y p
opencuabkr gamdleapen grsoau ncdu | fa¥eeeatrc o mpcaa reb otnh e

emi sefi omhese three oopnetnalpluyb.l i ¢ spaces hori z

Wh etnhaer e maxsmum (Table 4.83 and Tablef 4.84),
annoaat bon ieas sfsoolpeowo perdn gr <openf veoti cal ga
Regardless of the type oft hoepono riso cafhewagant he
smal |hesitegp ewmn ver tiisc dlitgdharswbert hacai hoheemisssof o
when buil di ngsiompeme piudbhéntcoplpaltmmwde ngar, bome

savemgi ce

Tabd7eéAnnual Carbon Emission Change When Gro

Ti me (ye 1 10 20 30 40 50
Open Roo 0.63 006 003 002 001 001
Open Vert.i 5 11 1. 09 0@ 0079 0Y% 0. 73
Opemo@nd | 482 077 0456 047 043 0 41

Tabl e Sowotuhar:

Tabd7éAnnual Carbon Emission Change When Gro

Ti me (ye 1 10 20 30 40 50

Open Roo 1. 29 0.2 0.2 0032 -0.3 -0.3
OpreVertical 6.01 0 67 0.38 028 0 23 0 2C
Open Grour 6. 00 05 0. 3 0. 2 0. a 0.3

Tabl e Swtuhare:
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Based on t he gailrdéewer daetBgmwrakwimhgeg compari son bet
t he | efirei gdhn,d partcan be f ounundeéhrata pafrudttaire nb u i
antdhe fl oor type ninswap!l aratribrogh reono fs,s i tome cdan g e
i's smaller thanrddfaitsoshowe pnpludit s wnelsip @e e

obhffordabhreddwsamlge sel ectiontafvefli onpractty pe

bui lcdarnbgo s sé& mn
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= Open Roof Open Vertical Garden Open Ground Hoor = Open Roof Open Vertical Garden Open Ground Hoor

Fi géard8 o mpar ateieonn Acectews si bl e Roof and Pl ar

FigureABobhoce:

4.7 Summar y

This chapter mainly calcul ates the physical

garden, and open ground fl oor based on the L
Carbon emission oftheitdl nfbrepcbeagbhbeel udens

use, and demolition. The first part is the

into materi al production and building constr
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cal cul atread i tolme od p & ewhaitcehd iesq utigpomesnmag | | to be
research. The second part i's the use part,
mai nt enance, and carbon sink. The buil ding

PBECA Shiangdind t he hearolndry siemlkati vset val ue of

emi ssion of buildings. The third part is the
and material recycling. Similar to the const
d smantl i ng cFaonr bnea tneergil eelc treedc.ycl i ng and di spo

that the energy consumption of waste disposa

Based on the above <calculation method, t hi
emi ssi onf cthiamfgersemt areas and types of the t
forward corresponding design suggeosttihbpens ac

specific calculation results and design sugd

By compheisgmilarities of different open pul
emi ssion of the open public sparceumdanfkisoar <
open vertical garden. By comparing Hatfferent
the planting roof is smaller than the acces

applying planting roof t o eocpreenasrecso.f , the car
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CHAPTER 5. SOCIAL CARBON EMISSION ON OPEN
SPACES OF AFFORDABLE HOUSING

The soci al c pralcd rhoegdenn sgulwini ¢ mspaceanaiiml gf ford
referscatronme miesipodeonhhagenfpubl itdleswpwace f o

i ncome dramaveksactivities.

51 Neesdnd CatcefQuotrd deodriiévs

51.1Ne salf OQutdoor Activities

Out door activities are an i mportant part of
achiimagr certainagmalwalyy i @ @e.rctdPretoiprd wed iss dpdarliyo d
heavily on outcdaoroer satcitmuvliattieeds ,bsyw tbha saisc shuurnvai nv
soci al | ankkeicHimmwe esetr , t he s ame rtriemec,e twhielilr bo
restdritot em certain extent by other condition

e t[#6].
The demand for thischnndbievfi dedt dyo rbifd d teir weintt

peofHbweydeirf fegremps of specgifefcdhhraerreces i n the

outdoor activitieamcs biemw atueamed oégpaeendi ffer
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512Categories of Outdoor Activities

Outdoor activities occupy tthesmaiamdparhte afy
people's outdoor activities 4dhdseoprtehbeawr ahdonwne
peopltei'vsi taces andoddinfteacBet. wg ennh B @liilediitddg s r

activities 1 ni’7o Theegeqati e g o neécso nfbontdi ohe v

environment of daffieusentctivities are

1) Neceissiariye fct

Such actpedpglie'ss amai n daily travel activitie
sbppi ng, medi ca&lt ctr dbotemdm equency and | ocati
relatively fixed ealn d ya rad. lgegaa vdddyc tnaofirdeee ( ,t r av e |
activity site, etc.).

2) Optional Activities

Such activattiiemrsalar agdroepdirdei sl urhtadr i 'y partic
wal ki ng, exercise, fitGesseyrablbypy epeeaekung, pl
and | ocatiaaeni ofititdhe sar eanrde Itabt@uiceol nyf orr & racdd m

externalnte,nvs uiotnameddter veqt dhhependence on the act

3) Social Activities
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Such activitiesm ahe aébé&wvaslaqgftevd iftry @s, i ncl ud]
activities, cultural entertai ncnoemmu,nifcaaniiloyn ai:
t heufso of such activities. Such activities ge
and hearvteai r éeéghiertesmentoundi My s epd veiasoatnme nt .

environment can promote such activities.

Amongt Hrhee t yipteask govid het mnecessary activities

a specific plactr, ansshfadendth ei gopdeinfcf ispualcte tia h o

Howebet h optional and social act itvhiet iogpse nc an
publ i cT hsepraecfeo.r ecupt Beuéipl bdbwt he emi 4 oiwon r edu
i ncome grouipedali aVegl comatkir ai@ammpy istoiceal acti vit

51.3Lev el of Outdoor Activities

Jiang cl| assicfoimensu np eapgelina'n | &tvetlsffe ncludi ng g
i nti mat e communi catiopnandt pgbdbming e i[78actmnounni c
Similarly, we can divi daectd wtida cersya,dtnid\sintaitees
public activities accandi sgatesdi Di dbententi fr

activities hanveentdsi fffoerr esnpta creeequi r

1pri vA@tte vities

Private activities reaefierd toawta dtydwmen esenr tshognt

This kind of activity generally hasishrong i
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by the outsi de hwoand dm ¢ 10 oleexaercnhii, rsgs,ufed hi nke g, €
acti,tihved mdeoul dt mmtopen, which is generally

with few peopl e, splchhntasseapamatliilors.pace with

2)nt i Mat ey i ti e

| nti matieesaedg alvi y r efferc!|toos ealTchtiiisveiktipesls @off t am t i \
accompanied by emotionaadctixcihtainge,s,fiinehnddga
Tl | ocath oac toifvistuices i s rel ated to btlhiec cont e

spaltwlosomet i mas ismagxwehl
BPublAcci vities
Compared with the former two,|l pwyudbdme acltli esdtt

acti vi tigeast,hesuothg stagisomsmpetct iiGleingrlailhg acfarrri

ouitn oar em open pttacmeonte® meqneirai |l ities for i1inte

52Rel ation Between Open -i heolmec S

Fami luedoéodDO Activitie

The realizdooon aoofftiewmiut d egpends on travel, w

di f f ebetnwitedesmad space.
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521Characteri spbrcacdbf vOtnicebaneo fF almo W 1 «

The generation of travel behawipan ma$ wvbbDi ae
compl ex -mhe&kad ingi ®swylsweimpg ibut not | imited to tr
t r advieslt amove] fr eqgueenrceynt ettrcaveldioposni gneroe |

anaccumphavena certavel ibmphecic ome tbhrdawmi ctesds, r

by vardcomudi tdiiosncsihmachizacvteer i stics in their trav

DTheennecessawvytyr ahal sda®ii g@ldtoir wal v

Comparndagd-lwwowncome f aimn¢ dmenjitldred t o choose a
noeassenti al travel sadbteichintadedc B@itugt wwinethas
i mpact oensstehret inaoln travel activity chain of t
camrovi de a bett drhepasemtci aalc ttirvaivteyl sacttei,vi ty
more compl wwhkxetnhlen |svhvorrotg me Atn cafrmehiolwi es | mpr ov

t hey wil |l participate in more activities.

2T her e gmsi fai csant difseaepttanbaveh attumneces

Folr o-iwn c oammi Ifhesef eawearnecessary tr atvredvealctiisrit
mainly mheacietdyslom naditdo tdai |y wor k, they are a
household chores, shampdphanrg, a arteidv ictail e st.r e@d mea
| owncomel f awmor ker s, their wor kimd o ufromrr s ar e

|l ei sur ei wirdaiseed.r taent
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However, compvam &d ngi tpld osvdnre oime h@ami | nes, t he
of -wonking peionpcloamei hfi Eswi s higher, gener al |\
chil dren, t hempli seatbal.e dT h etrheemblere § o-tvineesm me

families haveemeeatitameatorvnonesorThey shia\ve

activitiesastarnodn gaelrs owihlalviengness to activitie

SPubl i c &t iamm pnmootho rri aznesalg darotre tmlai n modes of tr

Al arge numbeesos$ hienw otnmea tf alnoiwl i es -mai ot yzedoos
travel dmadhe amubdtiipoant t ao $§mpidzhded niortaov e | mode.

sensi ti yvintcy mef fdawoevl badessgt Itirmi t avéhedi st ance.

4T h ea vte | di staeassargfanti vities is far

As t hiendome groups mainl ydl iawve aisn off hd hen cart
| i vicnd iftd eel at pdaa dme d tactkh e ied so,vwn W yvti rnagv enle

to ot H8r dhe ashmsapgkeensd moraendt immney on necessar

5Yheravel di stance of optional and goci al a (

ragre is rel.atively smal/l

The travels @&ilsthacd®sely related to the chose
chei of travel vehde leisnc dave ftamivlieilesdiisds aml o s
nolnowncome familiesgs Acreve @i mtlgav ®h ddiksoivanc e c

income families in working daysltstoamsai nly \
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significant d e cnlcirneea ster eonfd dwiisttha ntclree iThe tr a
activitwemskimg nthbny si ner ehsgd o dmpadaengd swoir Ki n
but i rtonsestihtli etowexdni n hl @k mda sdei,s ttahnec et roafv en

| oowncome $ami gnesicl@htly increased

Fiug8l1lTr avel Di swamlc eA otf i Wiotni es f or Resi
Figure o ce: Z

5220pen Public SpaOet damr i Meietty tNweee d s

Lowncdmeni | i es
1) Open public space can enriincho meh ef aumminleiceess.s
When the public space i n comumaruintiy,i etsh eb ewccrommee
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