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World Susisinable Buill Erveonment Confesence 2017 Hang Kong
Track 2 Prachoes & Palicees for High-Performance Buldngs

A Discussion on the Benefits of Environment Performance of the
Promotion of Kaohsiung Green Building Specialties Policy
CHAD Chisn-chiao®. CHOU Po-cheng®, 51 Chih-haun®. HLMANG Chih-mang®. TSENG Pin-chish®, KUO Yi-chan'
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ABSTRACT

“Urban Heat istand” eflect keads Io high lemparatune in the uban clmale, increesed ranfal reduced wind speed
and ar polkdion as wel as other eflects Acconding o “Inbernahional Assocabion for the Evaluation of Educational
Achereement * @verage carbon dorde emmson i Tamen 15 11 26 tons o 2008, whils the bulding strudiuies ae
fhe third source of carbon danode emissions. Tamarn is ranked 1o have the 16th haghest carbon diide amessians
in fhe world in view of ths for ihe new buldings, fhe Ksohsung Ciy Governmend aclively promoles the
ransiomaton plan for *Green Buildng * Sustanable Enwonmant”, presenting the ocal cultre, green mchiecise
and the contapt of public particpation. and promotes Tasan's first “green bullding aulonomous regulations n
Kaohsiung® , “the policy for desgn and encouragement résand for Kachsang busiding * and other innovative desgn
pobcies Kaohmung mplements exsing buldings through “improvement on Keohsiung Bulldngs® acthon,
proriizng publc buddings thal am fequented by the people of Ksohaung Buldings wil be elevaled wih the
sultabie solution based on miegrated physcal eminonmant qualty testing and data analyss (nciudng sound, ight,
warmmth, ar}

Thenetore, hes sludy used e analyss of reevant pohoes of Kaohsiung oty prompled by nnovatie green buikding
With the "Busiding (New) Sustanable Emronment” of Kaohsung City Government_ prachcal benelits and the targe!
compledion of the polces wil be decussed From the point of wew of envimnmental healh diagnosiic, exsiing
buskdngs are examingd for thee schiewernent in sciusl practos The aam of the Budy B o provide hope 10 enhance
the quality of ko in Kaohsung. and lo add to Taman's ressarch relerence

1. INTRODUCTION

In 2015, Parvs Chmade Corlerence { COP21 ) parformed prolocols regarding Ihe lopic of resiraning the global
warrming. which was aimad al reducing the emission of greenhouse gases and conlroliing the global lempersture
would nol mcTease more wo conbigrade degree n 2100 weth the global warmng speed. The conference also
advocated the concapts of thenk locally. ad glabally To respond the changes of plobal chmate and the trend of
intermiadtional energy consenaton and carbon reduction. the central governmient promoles th polices o *Sponge
Cily" and “Milkon Solar Roofs’ Faced al the problams o high carbon emeson, alemalions of floods and droughts,
he ar poliution of P 2 5 caused by urban isiand effect and dfficull o difuse, maore than 10,000 00 unsuthar red
busdngs and Aging Population wih oo Few Childen and other problems. Kaohsung Ciy 15 = need of thinlang
aboul how o ransiorm info the healthy and sustainable Southem Taman metropoltan dsire! fiom the image o
inclusiraal oty 10 dovedop the local architectural features and bving cultures of Kaohsung region

2 TOPROMOTE STRATEGEES AND CREATIVE ACHIEVEMENTS

I oroer o scbwe the emeanmental stuthes of Kachsung and effectrely plan and malke refarmation on sustanable
consiruction envronment of Kachsung fhe counfermeasures. ‘Kaohsung House Plan” s created To more
properly sdapt fo the susiamable consiruction moveman]. the three cores of the plan are consd of giobal
Emaronmental . the idantity of Reflecting the Local m line wih the local condibons of Kaohaung, and
Heslthy Reswence closed io the populeoes Ife. which conclude this following oreative sohevements

23 Twelve creative policy Wools
562
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Kachsung House Pian has constantly mada hwehve policy lods indiaively matiorwide, and conducts the
reformations on sustanable construchon enviranment By away with a higher standand

24 Vertical lorests: rool greening and landscape balcony

The landscape baloory wih the depith of Bves meler = nilially bull in ine with |he iocal condifions 1o creale green
andecape in mefropolis. which seems as a 3-0 vertical btes! park crealing the unique archdeciural festures and
brand, and promoting the constructon lo the nlematonal construction with Fagh quality

25  The universalization of design space

The siderly populaiion n Taman will reach io mone fhan 20% n 2005 In responss o ihe upcoming super-aged
society. the universal desgn = lurther introduced by the laws 50 thal the children, the eidsry and dsabied persan,
alc , can convenently uSe all sons of bulkding enwionments

26 The solar photovoltsic facilities set on buildings

By making full use of Kaohsung's abundant sunshng 10 Boltale the renewable enargy of solar photovolta 1o
deveiop iocal characlenstics. and o standardoe the seltng of the soiar pholovoltac facilhes in the ool of
tusiings, the reguiations of central Qovermmant's Lws and dacrees e broken, and the resinchons on the hasght
of the soiar pholovollsec on the rooks @a broaden S0 thal hose with the hsght fewer than 4 4 mebns ané eciuded
from The volume and heighi of the bulding

1]  The self-creation of financial resources-the suslainable operating fund of green buildings

The financial resowoe 5 seif-crealed by handing in the gvng back money of Kachsiung adjacant Apart fram
ving back 10 Sustansbie enveonmental construchon, the oparalion of the innovalion pokcy's mechanism tan aso

be constanily rolied The cperating fund of sustanale green construchon of thes ofy & comanaged by expens of
ndusity, govemment and scence

3. RELEVANT OUTCOMES
31 Motivate cities Lo study from typical exampie
“Haohsiung house plan” has molwvabed more than 10 other cities in Tanan 1o sam all sorts of innovabion policies

of Kachsung City. which has become the ypcal example of grean and sustanabie cly and became [he dalogue
basss for diplomacies betwaen nisrmabonal ofies
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32  Raimwater storage facilities
The disaster prevention of small flood detenfion. when the rainwater slerage amount bas reached bo 223 520 cuba;

melers, equivalent lo capacily of 119 swrrming pools with international standard then the dalay time of the flood
peak’s amiving is =at at abott 30 minuies fo reduce the disaster of haavy rain's impact

The rainwater tank the processed amount of recycled raimaater has reached to 2,761,365 24 Iiters! day, which
means 1,007,898 lons of waler is saved per year, and 156 224 kg of carbon is reduced per year.

33 The set amount of solar photovolaic

The sat amount of solsr photovolisic in newly-bul constrection has reached to 54 446 KWP, equivalent o the
amaount the saf amount of solar photovoltaic of 53 K aohsung World Games Main Stadium. it can create 700 million
degrees of electncty consumpbon m one year, and the carbon reduction can reach fo £30 million kgl year.

34  The ol lighting and energy saving

To standardize 5% of eosiing buldngs n the oly, the high-enargy lamps and inferior decorations shall not be
used when spplying for inferiar decoration for the buildings and changing the use of buidings So far the energy-
saving kamps applied in the cese have reached to 2 861,758 watls, which can reduce the elecinety consumption
af 2,562/ hour, Calculated by uang 16 hours ane day, then, the reduced elecinoty consumpbion is 16,714 080
KWWh year, and the reduced carbon amount is 10,228, 188 kg / year

35  The creation of umversal space suit for All-Age

The universal design of the bathrooen: the moving lines of the passageways are smoath and the net width of the
door should reach B0 em so (hat whesdchar usars can be in and out smoothly and sleadily, and the area has
reached 12 406 square meters.

The universal design of social hall Extending the fradfonal construet concept of “courlyard” space to creals
spaces of social hall for all-ages in the community, of which 1he area has reached 1,365 square meters.

36 Tocreate the business opportunity for green building industry
By supporting green energy industry, mcreasing more than 2 500 job opportunies per year and newly- intreasing
500 hagh-standard gresn buildings in four years lo mofivate the gresn business opportunidy with sbout more than

T00 billion of botal mdustties, and to improve the job opportunity and wishes of returning the hometown 1o provide
sarvices for the peopéie of Kaohsiung

3T Venicals forest
The green area on the roof is 160 521 square meters

The area of landscape balcony 15 70 360 square meters, of which Green area 23 453 square meters. The balcony
landscape with the depth of 3 meters. breaking the faws and decrees, is combined with more than 1/3 shrubs and
arbors fo afforest. By adusting the micro emaronment. and oresting a heallhy rest space lo promote the plane
surface greening lo becoma the vertical forest By replacing the fermer frozen cement and ron sheel o transferm

the mage of mdesinial ciy into Kaghsang ganden city.

The iotal green area has reached 184 374 square mefers, equivalent fo the aress of sbout 28 football fields. and
the reduced carbon 153,687 480 kg
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318  The total amount of reduced carbon

The exacution of the *Kacheung housa pisn * can recduced the anmual carban amourd of 13 500 tons, equnaient
fothe carbon amount Siared by 13 5 ten thousand arbowrs. 50 £ the olal nedunad carbon amount has reachad
o 47 250 fons, eqguivaient o cabon amount siored by 4, 725 ten fhousand arbours

“achsang house plan’ = 3 Coss-0oman oonstruckon action studed and partiopated by ciizens and axpars
from mdusiry, govermment and scenoe. Now 100 green busiding awarding brands of Kaohsang houses has been
awarded cerficates, 100 outstanding cresiive design works of Kaohsung houses has been seleded 25 ACCD of
Kaohsung houss has beon cuffivated, and maone than 12 000 people have paricipaied in the relovant actadies
The pian emphasoes the pubiic paropabon and ampowerment of community, and = diven by the unis of
mefropoiis. economy, educaiion, agriculiure and manne dvision dwdadly. Hawing lsunched the responsas of 348
schools, and 95 agnoultural and fshery bolies. the plan hes gol 144 buldings of construchon hcense of
Kaohsung hoose, atolal of 11 950 houssholds

4 THE FUTURE KAOHSIUNG GREEN BUILDING 3.0 VERSION DEVELOPMENT ASPECT
41  Owange constniction planning
The most mpostant slement of orange lachnoiogy &= H20, which glands for health,. happiness and offering s

comeiaive cEicuiaiion & orange compung modeis ane haalin modsl. happmess modsl and ofienng moded. The:
detads &re a5 low

=  Heath Technology semdd medical cae and oid tmers wing technalogy &fe DEcomnng WCTEamngly
mporiant Madical prevention of liness has become a crucsl E=ee - To advance and deveiop sanion iving
qualty and grean-orange health care = the challenging ssue

- Heppness Technglogy in cicer o promale happiness indicalor. engnessring lechnology and socesl scerce
and humanly can be usad 10 advance pubc salely. anti-shess, pieasure, S0Cs3 relabonship. educalion
enargy, financss wallbamg

- (Oienng Technoiogy. ofher fhan estabishing personal heath and happiness. orange lechnoiogy siso
pomckes feppness in ahers Offerng lechmology uses technologcal movalion 1o beller mlepersonsl
reiafonshn

42  Inteligence: disaster prevention

Cloud lechnoiogy can provade desagnens. to dinactly on Web-G5 doud sy=lam to desgn sie developmend. nstall
and conlral vanous waler [anks i onder fo s=t and measure fhe precxishon

43 Life box

Newhy bull ressientsl households have 1o metall a family emerpency sheller It s sbout 16-3.4 ¥ [dedesmred
by the surisce area of the house). The door s mace of sfesl board| and the four walls, cesling and fioor are made

565
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of concrede with sieel foundation that are thickened fo 200-300mm (defermined by the height of the house) The
e s one OF teo venis and has eecincily . infarmet and rado

5 SUSTAINABLE DEVELOPMENT AND CONCLUSION

The ciy pian shown by Kaoheung susiainabie construction on s local cullure, stsfamabie nature and nendly
enironment 5 under the plursishc development of the overall Kaohsung city, not forpetting the fraditionsl
geodg aphic landscape, archiectural features and efhnic cullure ho show respects to difierent effrecs, culfures and
regional characlenshies by Kachsung house plan

Fapoe 1 [y ikl susrveys an aofning fosee

Kaohswung housa case = miegraled Dy proect management, rom wiech Denefits of Kaohsung house = Suded
and anaiysed. imnbing and pefting the scholars and experts from ndustny and govesmment (o joertly study, analyse
and dsouss the case 1o ormulate the besc standard of the sophehcaled drechon lor Kaohsung howse plan's
policy focls. Esfabisning the dofabee of Kaohswng house's newly-buill cases fo frack application case progress
af Kachsiung houses which have got the boenses for the construchion, and fo buld the datahases of pholos
decrees, construciion methods, cost analyss on the basis of the weekly field suveys Meanwhie the wnd
ervironment, ambent heat ighl emaronment o user salsiacton will be studed and analysed by srulation
softwane and queshionnares. and he benelits of Indusirny, the economy and reduced carbon will be quanbfied

To promote the: sustansbie environmental feecbeack mechansm, e inancal resounce should be self-Created Dy
pying agend money, fees for reguishons and gving back money, besides wihich shall be exsculed by the
maragement mechanism of sustainabie green construction’s operating funds Apart from the direct ghing back o
sustanshis envonmental consiruchon, the opeeaiion of the: innowaion policies” mechansm should be constantly
sorolled
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Session 3.5: Performance Review of Green Buildings (1)

Strategic Study on the Benefit Evaluation of Solar Photovoltaic
Promotion Policy in Kaohsiung

CHAO Chien-chiaor, LI Yeny, HUANG Chiming’, LI Chung-ang, CHUNG Po-sen-
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ABSTRACT

Kaohsiung Cify's urban lamdscape is adorned by its majestic mountain, streaming river. wany ocean, and abundant
sunshing To further complemant the city's vibrant atmosphere, the Kaohsiung City Government indliated a propect
fo adust is mdustrial sructure fo promote Kaohsung as & gresn eco-city. The goal of the project s fo provide 2
greener, safer, and most mportantly, & more sustamable enwronment for Kaohswng's cfizens so 8s 1o ceale a
fruly happy and prasperous living enaronment

Toreach these goals, the Kaohsiung City Government took action with 2 seres of policies o increase solar energy
production. Firstly, it established an operating network by forming an inter-deparimantal task force o promaote
pholovoltaic (PY) systems in the publc and privade seclors: [t also inked prolessional organzations with local
communibes, and sef up & dedcated hofine for consultaton and nquines. Secondly, # srengihened s
photovolisic infrastructure through formal statules and reguistions. This includes the snnouncemsnt of 3 seres of
official solar phofovoliaic policies, the promulgation of a floor area rafio incentive, and the enforcement of
mandatory policies ioincreass pholovoltaic mplemeantation. Thirdly, § dessgnated targel stes fo sare as examples
of the project. This inchudes installing photovolaic sysiems on public roofiops, building phoiovoltaic demonstiration
zones, fransforming illegal sruciures mio solar powes providers, end asssting the fishing and agriculural sectors
in buiiding pholovoltaic systems

In bk, Kachsiung's 557 cases m 2015 oversaw an inslalment capacity increase of 28 457 KW (or 28 451 MW),
generated 37 milion KWh of power annually, decreased carbon emssions by 23.3 thousand tors. and created a
PV industry with a net worth of NTD 2,841, 1 million. This study looks at tha evidence of achisvements the city has
made promoting scentifically meaningful architeciural aesthetics m its innovainve green buiidings and eneegy
fechnology, as well 35 the success 4 has seen pushing the policies through 2 boftom - structre. In conclusion,
it can be said that, using & modal based on 2 projct developed by our institute, the Kaohsung City Government
has sucoessiully made fhe renewsble energy become an infegral part of K sohsung's ifestyle, creating a threefold
win for the goversment, the instiute, and fhe peaple of Kachsiung

Keywords: soler pholovoltas, policy, sl locally, the city of green daylight, lew carbon

1. INTRODUCTION

Despite having transformed itself from a wholly indusinal oty into 8 thriving mefropolis. Kaohsiung City was stil
markad by s over-concentrated populahon, lack of green spaces, and excess of ariifcal heat sources. Kachsung
15 alsn much hotter compared o &3 neghbowhood sreas, and #s lemperatures may well confini= fo rse while its
humackly smultanecusly lowers as Kaohsamg's population, commercial activibies, and density in land use all
continue o grow, leading the city to become whal is commonly known as the urban heat idand. As a result
increasing the city's green spaces fas become a pooety in its efforts to lower the rising temperatures.

Owver the years, Kaohsung Gy has gone through extensive measures lo become is own oy Nof only has i
upgraded its hardware and soffiware o oeale a healthy, sustainable, ecological, and cullural emironment, it kas
2l established dsell 35 a dverse and sophistcated muncpalty, and rolled out nnovatve polices such as the
Green Bulding Sef-Governanca Ordinance and the Ragulabons Governing the Establishment of Rooftop Solar
Photevoltaic Systems 50 as to achieve #s five core values of "ecology, econamy, kveabilily, creafivity, and
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internationality.” ts siralegies, which have been widely recognized, also include inserting an aesthelic sense of
technoiogy into the city's photovoltaic systems, promoting innovative green baildings and remewabie energy
lechnoiogy, and using a botlom-up incanfive to encourage owners of illegal siructures I sponfaneously come
forward Ewdence of the cty's efforts can be identified throughout the city 25 the government confinues o build a
greener, haalthier, and more susiainable city.

2. DBJECTIVES

Working in coordinabion with Kaohsaing's cimate, the Kachsung Ciy Government set the goal to generate 150
MW worth of solar phofovoltaic power within four years. It saf up an inlerdeparimental task fiorce to colectively
promate the pholovoltaic syséems within the foliowng five categones: general consiruchons, public buidings,
schoois, factones, and fishing and agricuftural facities

The Kachsiung Ciy Government et the four-year goal as @ mean fo full is global responsibiiities agains
greenhouse effect as well a3 o take care of ts cifizens in the long run by implementing its core values of bringing
“ecology, econamy, iveabilly, cealivity. safely, and internationality” into their daily ives

3. POLICIES AND STRATEGIES

With giobal wammang on the nse, the Kaohsiung City Government was ahead of its time when # mihated itz
photavoitaic prosct prior 1o the promulgaton of Tawan's Renewable Energy Development Act. While the aty's
geological climate rendered i a suitable candidate for solar energy, the realty on the ground was that current
building reguiations, the conddions of axsting struclures, and the price of seffing up photovoltaic panets had made
it hard to promote solar power on a city-wide scale. Having dentfied these obtacles, ihe government saw a need
fo relax existing laws whie aggressively pushing, promoting, and subsidizing photovollaic constructions. It also
listed the photovaltass project @maong its prionty polices for better effect. Therefore. the Kaohsiung municipal
government propesed the four year plan and the specific ten action plan. (Table 1)

Appomting an interdepartmental task foroe:

0 m!“m_, : Gwving local commundies professonal asastance
Seftng up a dedicated hotline

i : Formulaling slatutes and regulations

m’“ Py, m:; Providing floor-to-area ratio incentves
Halu'g phatovolta syslems mandatory
Installing photovoitass systems on pubhe roftops
Building photovoltaic demansiration 2ones

P e St [ ing We0s] SYUChures WO SORY pOWSY DROViErS
Buiding photovoltaic systems in the fishing and agricultural sectors

Tabie I: Koot govermment pof forand the speciic ian action man
31 Creating an operating network
Appainting an interdepartmental Lask force
The inferdeparimantal pholowoltaic project task force was esiablished weh Kaohsung deputy mayor a= convenar,
deputy drector general of the Secretanal as deputy comvener, and the Publiic Works Bureau as chief managerial
office. The task force s in charge of supervising the promoton of the photovaltaie project within the five categones

of general consirucions, pubkc buikdings, schools, factones, and fishing and agricullural Bcilies. The magor and
asssting offices i charge of the categones (as shown in Figure 1) work fogethar ko fulfi the city's innovativa vision
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e trical technician Association
Fiquee T: Plans lo prommode e orgavairation ohad
Giving local communities professional assislance

To promate widespread installation of photovoRtaic systems across the city, The Kaohsiung City Governmant sought
Ihe assistance of professonal assoaations (Fogura 2) This ncludes the Kaohsiung Architects Association, the
Kaohsiung Professional Civil Engineers Association, the Real Estate Development Association of Kachsiung, the
R.O.C. Solar Photovoliaic System Trades Associalion, the Taiwan Professional Electrical Engineers Associalion,
s Tanwan Phofovoltaic Indusiry Associadion, the Tamwan Electncal Confractors Assocation, and the Tamwan Salar
Thermal Energy Assocsation. In addtion to signing official MOUS with the associations and hosling publc briefing
sessions to prowde more information for the public, the governmient set up a platiorm to help parr clizens mierested
in insfalling photovollsic systems with suitabie vendors

i-.-—-.n-.—l-
hiunid_ﬁ-h-lt-ﬂ-
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Figura 2: Cormbinsion of prodessinnal grocps and communty mismaenon ¥ e opeabion of e phoieols proect
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Setting up a dedicated hotline

A dedicalied sanvice hoffine was sat up 50 as o norease the efficency and eficacy of installation requesiz The
service holing not only tskes nquines and applications, but i is also n charge of cofiecting statistics and data.

312  Utlizing policy as promotional lools
Formulating statutes and requlations
The Kaohsung Ciy Government has since 2012 formulgted four architectural laws governing the instaiment of

pholovolta: systems The kws were reated so a3 o promale he generation and ulizaton of the renewabile solsr
ey

In 214, the ws were incorporated nto a3 comprehensve projed consistng of s Bws a piatform parng
indpndusis with professional msiaiment vendors, and a subsudcaion program. Throogh the formulslion. execubon,
#swell a5 review and revision of these statutes and reguistions. Kaohsung s soler photovoltax systems, mielligent
enefgy managerment operabions, and green buliding standards have been significantly improved  As the scaie of
income from promoting green buidings grows, the oty & able ko conlinue expanding solr power nsfalments and
energy-saving busidings.

Ancther mporiant promotional policy = the fioor-io-area rafio (FAR) incentive. Areas with lower FARs wil be

granted 3 30 percent FAR mcentive with the instaiment of photovoltaic systems. Thes allows aress conssting
mostly of kwe-rse bulidngs become so-called “sunshine communies ” Meamshie, rescenfial areas with an FAR
of 180 parcent must instal a ranwater storaga capacily tha s at least 0 132 tmes the measirement of the anea,
buikd 2 gresn roof, or nsiEll pholovoltaxc panels tha generate more than 2 KWV powsr per baiding.

Making pholovoltaic systems mandatory

The Ksohsiung City Government was abie o make pholovoiaic instaimenis mandaiory in urban areas. open
spaces. and the Kaohsung LOHAS Housing Progect by provding consfruction busnesses with incentives: during
the inifal reviewing stages in urban design projects and fhe icensing review of consiruchon permits

13  Designating exemplary demaonsiration sites

Instaliing photovoltaic systems on public reoflops

As achon aways speaic lbuder than wonds, the Kaohsung Ciy Government ook the lead to install solar
photovoliac systems on fhe roofs of government bulkdings and public schooks using & rental program. In having
vendors s&l up the solsr panels, the government & estmaled fo have saved around NTD 500-700 mallion in
instalisbon and mantenance fees |n addiion fo gving the oty soisr energy, the model also cresles economic
value for the local solar power indusiry, and af the same Sme serves 2s an example of the project’s benefils,
atfraciing pubiic attention and recognition. In doing wial's best fior the environment, K achsiung increases its use
of renewsble energy, helps he solar pholovolta: relatied mdusines grow, and ulbmalely strengthens the ofy's
economic siruchure and overall competitveness.

Building photovoltaic demonsiration zones

The Kaohmung City Gowernment has chosen the area surrounding the Pler-2 harbowr, the Jhongdo
redeveiopment zone, and the area of the 2014 Kachsiung gas explosons as the oty's pholovoltae demaonstraton
zone= The goal &= fo gradually have fe installaion of photovoliaic sysiems expand around the zones and
uitrnatety knk up io form & pholovoltaic power city:

Trarstorming illegal structures into solar power providers

Kaohsung City prides itself in is counsellng rather than punishing atfilude when it comes o dlegal structures It

encourages cwners of ilegal structures to convert fher ilegal roofiop dwelings into pholoelecinc facilites (Figure
5] It aleo provides inans and subsches 32 incentves o morease mlerest 22 wel 22 lower instaliabon thresholkds
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The: new siructures, on the one hand, help solve the two most common problams saen in Begal reoflop dwellings,
L& leakng and owerheaiing, and on the other hand, can be legally built weth an additional sunrcom compartment
Whie the city = sgnificantly beautifed, the power generaled can be sold o the Taipower Company for addtional
income: As a result. the onganal hot and stuffy city has (he opporfunity o be fransformed inlo a pleasant and a

steady provider of renewsble energy
Building photovoltaic systems in the fishing and agricullural seclors

Kaohsung entcourages b5 farmers’ associabons, Wadbonsl wholessles markels, animal prolechon umils,
syicufturai facilites, and 85 livesiock and poultry fams o nstall soler pholovolts: systems. 1L 1s also workang with
the various agricufiural and fishery associabons in encouraging the conversion of idle buikding roofops inlo solar
panal unils

4.  RESULTS

Due to the nature of #s development, Kaohsiung City's heavy-industry based economy has come with the price of
senous ar and environmental pollubon. According lo statistics, Kaohsung's annual carbon emessians of 87 million
fons make up 25 percent of fhe nation’s total. What's more. each cifizen’s parsonal carbon emission & 267 tmes
the naton's average. Nonetheless, the city's 2015 stalistics show thal the 557 pholovollac appicston cases

suctesshilly created an instaiment capacity of 28451 kKW (or 28 451 MW), generated 37 millon KWh of power
annually, decreased carbon emessions by 2 33 million tons, and created a PY indusiry with 2 value oufput of NTD

2 841 1 mélon.

Fipre 3 Viwous groves have been sel up photovedie capaaty

As ndicated in Figure 5, factones have the ngest photovoltaic power output at 14, 785 kiWip; frshing and agricultural
{acifities come in second at 5,855 kWp. i can be said that fhese raditionally high carbon emission indusines are

now fulfiling ther socs| responsibilites in reducing greenhouse effect

Shown in Frgure 4, Kaohsiung City, the mplementation of the solar photowaltaic policy has 8 number of specific
mplementafion of ihe case, According fo the situaton of different groups, The presentation of the oplosiectronic
aecihetics of diferent buildings, Nof only create a new stafe of the cily slate, Kachsung is also the speafic
condribuion to the global energy consarvation and carbon reduction.
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{& ) Schodl bulldings

Fagre & | gl of o phestvvialio: vydeins ivatiled 7 wors ypes of fakings
5. STAGE CONCLUSION

With the combened use of sol laws, one subsidy plan, and one pairing platform, Kaohsung City's solar pholovoltaic
prosect has been deemed 8 success. Acconding fo sialshcs, he cily = esimated 10 see pholowoltase oulput of &
st J0MW annualy. The new reguistions have siso helped increase the overall number of gresn bulldings n
Kachsiung Kacohsiung's crealive and dwerse offons fo create a greenar City have set an example of what could
be acheved If's achewements between 2000-2016 (25 of May) are as follow

. The total of 3 027 appiicabions has a jonl capacty of 152615 kW (152615 MW), generates 180,741 kiWh
annually. has reduced carbon emssions by 15,366 tons, and has orested a NTD 15 26615 hilion output
value for the pholoveliac ndustry

- With the: talik of an internationsl carbon e of NTD 1 940 (EUR 50) per ton of emission ikely o become a
reglity, Kaohsiung Ciy's estimated 30 MW annual photovolieic culput may help lower carbon emessions by
24 27% tores per year. This would amaount to saving NTD 47 1 million annuslly, and & cumutated NTD 924
rullion 1 20 years

* The cost saved from having fo dismanBe iegal roofiop structuses, iIncluding payng personnel fees
dispaiching vehides, and processing construchon waste, 5 eshmated af NTD 135 millon per year, which
adds up 1o NTD 27 bilhon in 20 yoors

* As the metal rools of illegal roofiop siruciures are converled nko solar panels, sunshing 5 absorbed and
ransformed wilo Sednoly, resulling i 3 drop n the aly's sooicheng lemperaiurss.

. The: photowoltasc projed's annual vaiue outpu of NTD 20 bilicn helps norease empicyment opporfunities
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Study on the Energy Efficiency of the Climatic Based Passive Design by
Meinong Tobacco Bams in Kaohsiung
LI Yen-yie, CHUNG Po-ren”. LIN Hsn-, TZENG Ping-chieh
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ABSTRACT

There were lots of local buldings m rural area in Tasan, which were over 40 years bul shil can afford the dasly
Inings. These cultural and typical types of bulidngs in some cullural small lown represent for the unique buildng
shyles, and lo arse the ssue for the revival of the cullural baiding for more systainsble aftifude  Thes study =
based on the requrement of thes topic and following the policy of Kaohsiung City Government to renovate a
fradidional Tobacco Barns info more sustainable Kaohsang LOHAS Howsa

The Tobacco Barns & & traditonal house which combines the: local ndustry of tobacco drying and & hous= lving
space, and this type of building & very popular and unicque in Mainong disirict in Kachsiung  This study conducted
fhe processes from local cimate dats analyss, which = based on the |ocal elementary school  The enengy Ssus
15 the main farget fo verdy the new possibility of the decsions fo deal wath the material and openngs from esght
crientafions. The AuloDesk-Ecolect analysis was adopled to make the integrated analysis processes which will
be in the same model and analysis methodology.  The factors including heat load of fransfer, indoor prediched
femparature and daylighiing siuahion were consadered fo make the comparson of e energy efficiency by the
local commion renovated materad and opening styles  The suggestons were conducted by the methodology and
for the further comparison of different design proposal with results of maintenance evalualion and energy saving
fee 1o let the house owner do fhe decsion making

In: fhis study, through the collaction of relevant [lerature, dala infagrafion and analysis, e results showed [he
cross analyss with four material of wood rammed earth wall, concrate and bricks sruciure, with different opening
rafe &= 0%, 50%. 80%. and with horzontal shading monoiayer bilayer depth by 0. 0.4, 006, 1.0. 1.8 ratin. The
smulgtions of thermal environment and kght environment were both verdied fo make the calculs$on of the
estimated efficency. The resuls can be used and referencas i thes area for who wants 1o make the rencvaton

Keywords: operning rate, shading fovm, shade depll) ratio, ELY energy dissination vaiue

1. INTRODUCTION

For urban and rural renewal, old bulkdings can be revitaized through renovabion. Bul when re-planning and
redesigning bwddngs. reinforcing appearance-refated structures, mproving indoor spatial funclions and oufidoor
landscape arrangement, we need fo pay attention to evaluations and analyses of rebuiiding costs and energy
efficency when sxamming whether ihe rebuiding process meets the concept of sustainable construchion. The
purpase of thes sludy, thus, is io invesigats the enengy consumption efficiency of rebudding and regeneration and
malerial use gratagy. the research subject case study & a fobaco building in the Meinong area: By confrasting
{he formation of tradibional setiement type of lobaceo building, the reseanch soope is expanded o the whoie area
and regpon. The regeneration movement of the fobaceo building has been exarmined for the purposa of conducting
an archifeciure desgn study

2. RESEARCH METHOD

Archieciure theory & developed heremn from the design of manual modules via 8 computer simulation analyss
based on the comparison of heat fransler of vanious matengks in the thermal environment, as well as the
consideration of the indoor wendow opening condifions and the exteror architectura structure. The relationship
betwean these faclors = quite complicated  Thus, due o the imitations of condiional factors, previcus studes
have bean taken nio considerabon io classify smulation faciors for later analyses of the key ones. This sacthion
first explains the simulation case, the siruciure of smulation process. limitahions and conditions.

2199
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21  Establishanent of simulation case

In principla, the sda of afchdacture smulahon was selectad in Manong, Kachaiung City al kattude and longdude
of k= 190°54' and =22"90, respeciively, and sea levs] of 543 mabers (Figure 1) for this study. The archiecture
Iype 15 & four-ping tobacca leaf bakeng room located at the north onentation with an 85° angle of ncidence. thus,
{her main chickened struciune af 1he tobaccs buldng s used as [he basis for The man simulation test Values in
different arentalions ane 1hen smualed for the purpose of companison

J{,rm ! S.l'.-:m'fpr.'un'n.' e
2.2 Analysis method

Far the analysie of the expenmeanial simulation, 132 sets of archilecture types were sai Up; the simulation condiions
‘were established by usng the main Sructure of the 1otacco bulldng &s the center. Different amounts of sunlight
ware acquined according fo the different anentations of architectura. This study uses esghl orentations. north (M),
northeast (ME), east (E), southeas! (SE), south (5), southwest (SW) and nosthwest (NW) for the simulation. The
vahues acquined inthe simulabon include: the thermal ervironment of architecture materials, window opening rafio,
ghicla format and shield depth. Through stafistical analysis, the ralationzhips among fowr diffigrent types of
construclion matenals have been dafined, as wall as the changes in the thesmal smvironment have Deen analyzed
by using combirafions of shisld types (Figure 2)

Figore. 7 (reamiabons of aiifeciine i dhe senlann
23 Integrated evaluation and analysis method

This sludy focuses on tha discussion of energy consumglion in diferent spalial arientalions, ECOTECT, a
computer simulation, is adopled for the presentation Unlike the singie consideration of construction materials or
windkow opaning rafio, thes slucy concams the close retalionships amang archifecture onentation, bulldng emvelops
and energy consumption For example, natural lighting. shiekd and depth are mpacied by the changing condilions
Therafore, they all play an important roke in energy-=aving. We discuss the design application of architectural space
s analysis of the amount of sunlight refiection, he themal environment of vanous spatial oneniztions, window
opening ralio, the use of responsve malenals, and EUI {energy use intensity). Suggestions for improvemen] are
aAlsa propasad according o the smutation results and analyses of the design of the archibecture rebuilding

22(d)
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3. INTEGRATED COMPARISON AND ENERGY CONSUMPTION SIMULATION ANALYSIS

Via computer simulahon. 1hes study analyzes influential factors of architeciural space, mcludng the relatonships
amang suitable consfruclion materials, window opening réio, shield formal, depth ratio, amount of sunlight and
frermal environment The smulstion of eighl onentalions helps ws o ascertain the relationship between
orientations and {hermal emaranment, and to analyze the impact on the annual ELUI of an indoor air conditioning
syslem.

31 Total EUl comparisan wilth an opening ratio of 20%
The: results below are found slter companing and analyzing EL in different onentations. [Table 1)

Ths siudy uses a fixed wdth and lengih ralo of window opening fo discuss EUL in different onentations, and finds
fhat EUI & reduced with the increased depth and that the decrease ratio is also reduced along with the ncreass
of depth rato, Wooden and rammed earth structures as construchion materials are proven to provice the best
engrgy saving effectveness since these two have wendow cpening ratics faling wilhin the range of low energy
consumption: concrele structres, due to higher heat capacity and difficulty of heat dissipation. have EUI of air
condioning systems within the middle range of energy consumplion, and some spaces of bricked siructure also
reach the meddle energy consumption range due fo spafial orientabons. (Figure 3)
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32 Comparisonof total EUl with an opening ratio of 50%
The results below were garnered after comparing and analyzing EUI in different arientations (Table 2)
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From Table 2, the EUI diagram al & window opening ratio of 508%, the structure with 50% more concrele belongs
o the ranges of hegh energy consumpban. Bath singke and double Layered verbcal shigtd siructises have no impad
on anergy consumption. Wooden struciues have the oplimal ELI with significant mpact of reduced EUI after the
instafiation of double Byered horizontal shield struclure; rammed earth struclures fall wathin the rangs of middle
enengy consumgtion with the same eflactiveness afler the instafiation of double Byered horzonial shield strudure,
and bricked struciural space falls within alf ranges of enargy consumption, from low fo high. Therefore, other
combinad bamboo struclures shall be considensd for oriontation selechon 1o achieve the balance of spatal uso
and dynamec energy of an air conditioning system, as well as to form composite-siructured architeciura. (Figure 4)

Gonstruction Materals/Shiald Fomat T E:I_éd!: Figh
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Fipre 4; Total ELN compartsan with an ooonig rbio of S04
3.3  Total EUl comparisan with an opening ratio of 80%
The results below were found after companng and analyzing ELI in different orientations. {Table 3)

As showr in Table 3, with the ELH diagram af a window opening ratio of B0%, due fo large window epenings,
structures with various construction matersals exhibd high EU| fo reach a high energy consumplion range. Weodan
structures. due tosmall heat capacity, maintain low energy consumplion in some spaces. while rammed earth and
wooden shuctures have the same coefficient of energy consumplion fatio. Because of the slow speed of heat
dissipahon, concrete struciures normally have higher EUN, with 75% fallmg wathin the range of high energy
consumption, Althowgh bricked structures have higher heat capsbility, fhey easily disspale heat Hence, EUI
coefficient is refatively constant with the only mpact of sngle window opening and double window openings being
at the energy consumglion ratic of 1.1, The design of large window opening with a ralio of 80% s shown in a bar
diagram. even when a double-layered shisld panel s inslalled on the exienor window opening, the enemgy
congumpion coefficient still remains constant That proves that even wilh the use of large window apenure in
architectural gpace, there = no need 1o use the desgn of double layered shield panals (Figure §),
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4.  CONCLUSION

This study, afler esperimental simulation and analyss, examines the relationship of annual EU of indoor spaces
in different onentaions comesponding to the motives and purposas of this study. Concrate conclusions and
sugpestons below are acqurred for the referance of fulure studies on energy consarvation of buldings

The wooden spatial structure with a window cpening ratio of 2% consumes less energy han the basts value of
30 kWhim2.yr while at an opening ratio of 506, energy consumption variance is determined by single or double
openings. At a ralio of B%, the increase of EU also falls within the range of basis value and only Space N
mainkains |ower energy consumplon than e basis value

The wooden and rammed earth structures: at an opening rate of 20% consume lower ihan 30 KWhimZyr, and ata
ratio of 50%, the: ELI till falls within the basis range, while space in the N orentation has EUI lower than the basis
value, indicating the significart vanance of EUI due 1o the angie refationship in different onentations. At & rato of
B0%, ELI values in the ES and WS orenlations both exceed The bases range. As a resull, for speces with double
windaow openings, sunlight and wes! anentation should be considered in terms of design

The concrete spahal structure &t an opening ralo of 20% has EL within the basis range. bul &1 & ratio of 50%_ the
ES and WS orientations have EUN exceading the basis range due 1o sunlight expesure and west onentalion. Al a
ratio of 80%, a double-openng design sianificantly exceeds the basis value of 30 MWhim2 yr This indicales the
impact of opening design of space on the ELN of an air condiioning system.

The bricked structure is found to sxfubl & sgnificant kevel of change for the ELI of an air condiioning system. Al
an opening ratio of 2R, single and double designs of opaning have retative impacts on ELL a1 aratio of 50%, e

ZN3
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EW is found fo fall within he bass range. and only the N onentalion falls below the range of 30 kKWhimZ yr. Al a
rabio of B0%, due to largs window apening. single or double openngs become an mpartant factor reladed to EUI
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A Discussion on the Benefits of Environment Performance of the
Promotion of Kaohsiung Green Building Specialties Policy -the Case
Study on Residential Building in Kaohsiung City
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ABSTRACT

"Waber resource 15 the necessary natural resource for the development of a country's economy.  According
Infiarmational Water Associafion, the total amount of annual precipitation in Taiwan is 26 fimes of the awerage
amaunt of annual precipitation in ali countries in the workd. Thus, Taman should nof suffer from walar scarcily
However, Taman ranks as fhe 18th coundry with physical water scarcity.

Micrechmate abservation data 15 acquired from Cenlral Weather Bureau of Taman in this research shudy. Other
than analyzing and calcutating the imformation from the databass in order to identfy the exterior microclimatic
factors, the volume of the rainwater collechon fanks in Kachsung will be caloulated for &5 acowacy in comelzlion
with raimwalter overflow and tap water replenishment. Finally, the charactenstics of Kaohsiung microcimatic factors
callected in this research will be reflected with quantiladive data on to the actual design for bulldings in Kachsiung
The main focuses of this research are he following:

. Analyze foundational mecroclimalc dala in Kaohsiung

N The calculston of the volume of the raimvater collection tanks m Kachsiung
Provide method 1o incarparate and recanfigure rainwaler callection tanks in accordance with Kaohsiung
charadiensiics.

Keywordls: Kaalmsiung boaloings, welor resource, Sievative oosign policy

1. INTRODUCTION

According bo & statistics generated from the United Nabons-Water, “household water consumption” makes up 10%
of global waler wahdrawal. indicahing that deproportionate weler consumplion has become 3 comman problem
faced by several counlries around fhe worlkd Taman Waler Corporation reveals thal in the past few years
{2004~2015}, domeshe waler consurnplion is maintained at a level between 257 and 265 Mars per capila par day
Im term= of indusiry fypes. “indusirial waler consumption” and “commercial water consumption” account for the
largest proportion of fobal water consumption, while "household water consumption” closely followed next, implying
that domeshc Taiwan Kaohsung lbeal government must bake ackon fo promole guidsnce polices on waber
recycling. Howaver, since rainwaler collection can be affected Dy local water produchon, local water consumpdion,
microchmate change al Kachsung Metropolitan Distnd, and architectural volume, while considenng aboul water
croulation. considerations in the control paremeters such &= “owverfiow” and “shortage” related o water tank's
spatal valume must be included, 50 &5 to ncrease benefit in water resource croulation. AN this have become the
major molfivation for this study

I thes study, “Waler Resource Sustainability Index” promoted by World Green Buiiding Councl is adapted as 2
solid foundation ko analyzing long-term microciimate dafa of Kaohsung Meiropoliian District generafed from
Canfral Waather Bureau Aside from performing statistical analysis on the i database fo grasp ouldoor
microchmate influencing factors, fodal input and output volume is estmated for decding water circulation balances
in archdectures located &t Kaohsung Melropolitan Disinict. Based on the quantitative data, recommendsbons thal
suil local crcumstances are proposed n respanse 1o ranwaler collection analyss and global compliance rate for
green buddings constructed in Kaohsiung Metropoldan Drstrict
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2. LITERATURE REVIEW
2.1 Specification related to architectural regulation in lechnicality in Taiwan

“Total daily waler demand volume in & buikding” (W) must be caloulated based an the standard gven in Table 1
Irv cither words, Wt must be calculated based on “daily water demand for mdividual building category” (WT) and
ioor area not including non-dwelling area” (Af) wih spatial area such as parking lof, engine room and warehouse
encluded As fo bulidng categones not inciuded in the Table (such as gymnasum and musaum), Wt must ba
caiculated based on water demand of the archiectural design. However, since there 15 no prominent relationship
between waler consumphbion and floor area when it comes (o residential budding, Wi must be calculsled based on
{he standard of "4 members per housshold”, “250L of water consumgplion per parson per day” and "tolal housaholds

in & residential building”
Category Seale Calegon Water consumplion | Tolal Water Consumgtion of Whole
ot per uret area W buldings fiters / m? - day}
o Exdusvely Ofices 7
Mixgd Lises [
Malls and Deparimanl With Food Court 20
Siores ‘ithout Food Court 10
City Busingss Hobels 15 ——
Multipurpose Holels 20 &
L Wedum end Large Recreatond =W
Halals 2 ameng fam :
Locdl dinics, Nursing Homes 15 Alis Ihe Iotal $oor area except the
Medical Cenders Generd Hospitas ] afas fof the parking Ist, he engine
Acadarnic Haspilals 2 rocm, storage and slevabors, §hair
Adminisiratve and Acaoemc cases and other services spaces ()
Schod Budings L m
cther Rederences o
= Oihers
Dormidory — 10
Wi = 250 liiers { (person -day) = 4.0
{person / housebold) « Wi,
Fesiden where Nfis the iotdl number of
e o N househads m resdence. Rence waler
comsumplion is caktulated unformiy &
househalds of lour.
okher i3, i Calculated accordng o e achua
demand of walar consirucon

Tatse | Assessment and evalmbn shandrs for amer coVSCTETYT I Vs sy categones

Daily tap water subsfiution wolume (Ws) must be decided based on the smaller value of edher daily rainwaier
cobection volurme (Wr) or daily raimsater use volume (Wd). The main reason behind fhis principle is that once daily
raimaater cofechon volume (W) © greater than daily raimwater wee volume (Wd), excessve rainwater resource
will be lost wihout adding any benafit to water consanvation.

Since “request volume of ramwaler Slorage lank” (V) can affect the usage rale of rain water coliaction wolume,
folal vatue of “daily tap water subsitution wolume” (Ws) multiplied by “rational muttipber of the dasy rainwater use
wolume” {Ns) = apphed a3 the ‘minmum request volume of remwater storage lank” (Vam)

Since rainwater cannol be served as dinking water, 1ap waler subsfitution rate {Re) cannol ba maintained at a
leved that surpasses 32% of the substiutable reclaimed water, with [he exception of the miroducton of high-end
walar quality processing fachnigues:

“Datly ramwater collechion volume” (Wr) s calculaied based on overall ranwater collection system and dynamsc
analyss on local precipiabon frequency. This kind of evaluafion will present a relativaly negatne result in raimwater
colechion volume and ‘tap water substdubion rale” (Ric) of disincts with lower preciptation frequency per day
753
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EEWH Water Resource indicator for Domestic Green Busiding

The Waber Resource indicator = one of the threshold indicaiors of EEWH-RS, mdicaior scone RS8 must be greaier
than 1.5 to pess. W is frel calculsted by tallyang the pownis for the: following weter-sawng sub-ndicators and then
comveried o indicator score ARS8 The calculabons and scoring are s follows

Wi=a+b+o+d=a+f
Eapmdon |

Wailer Resource Indicator Calculafion R58-250" (WI-20) 20+15215 - 0.0sRS8= 80
Fguaition;

Amongst them, RSE stands for Waler Resource Indicalor Score, W stands for waler resource indicator (without
unit): @ stands for Todel Score (wihout und). b stands for Urinal Score (wihout und); ¢ stands for Tap for Public
Lise Score (without unif) & stends for Rainwater Equpment Score (without unif), whils | stands for AC Witer
Consenation Score (without unif)

Resdenbai Design and Encouragement Prachces of Kaohsung Metropoltan Distnct

Article 10t Buldings under five stores wilh solar power facilifies or greenng faciibes installed af roofs, roof
profruding parts, or expesed platforms taking up more than 50% of legaf buliding anea can be installed with green
power facibes thet come wih resmaater collecton function

Ramwater ooliechion ares generally refers fo a part of the building such a3 roof and the wall Famwater dorage
system_on the ofher hand. & 2 part of ihe building fhal must be carefully considered for instaliabon, with its volume
not only affecting overal systematic benefit bul also the building designs itsalf In thes research, “The Simuiation
and Evalustion of The Ramwaler |iization on Building Design (2000]" of Archdecture and Buiding Research
Instiute (Ministry of the infenor) was sdopted, wah fhe ramwater uliization calcuisting softwers {given m Table 1)
drectly derved from waler recychng calculabon of “The Socely of Heatng Ar Condiioning and Sandary
Engneers of Japan®

22 Precipitation dats anatysis of Kaohsiung metropoltan dsinicts
Basad on different landscapes of plan area, hilly area, alpine area. and coastal anea in Kaohsiung Matropoktan

Dhistract, precypitstion obeervatory data for over 2 decade i= apphed from Ceniral Westher Bureau as a fundamental
dets in s research

K zohsumg Metropoitan District & located in the subiropical 2one wath warm lempersiure and sufficent suniight
ihroughout the year, Stateshes from Central Weather Buresu has revealed that minsmur temperature of the district
i= maintained at a range between 36 and 115 degree Caisies while maomumn temperature of the: distnict is
mantsined af a range between 36 4 and 36 9 degree Celsius. with average precpitation volume: kept at 1,845 mm
over the past ten years. Despie the abundant ramiall, precotation penod s generally concentrated in @ shorf
fimespan thal sts from June fo August, with 3 periodic precipiiation volume of 1,158 mm that acoounts for 65%
of annual pracipdafion wolume (as presanted in Tabk 7} In terms of season, fyphoon season esually kasts from
May o Oclober while drought sesson usually fasis from Novemnber o April of the next year ndicaling &
conceniraled precpsistion volume m the typhoon season. Compared to northern dising, 3 redo of ‘precpiation
volume: during fyphoon sessson” lo “precipdation volume during droughl season” ks mersly 8.4, whach i not ot al
beneficial for waler uliization

23 Ciuzen's water consumption from vanous building equipment

The term “water conswmpbon per capda per day” can be refiermed to as “Invelhood waler consumpiion per capia
per day’ According fo a calculstion resull. waber consumphion per capita per day n 2013 = 284 liters. which = 34
liters more than the international standard value of 250 Bers. Due to & combing: factors of rasing ving standard.
sublropical dmate, warm and humid westher. and fhigher demand lor environmental sandary and disease conlrol,
overad waber consumpiion par capia per day i 250 iers
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Linder “Water Consumgtion per Capda per Day of 250 Liters” proposed by the Ministry of intenior, recycled waler
can be appled fo replace residential waler used for todel, cleanng and other purposes, which takes up 2% of
lotal househald water consumplion. Tap water substitulion rale can be evalualed through the foliowing fomula:

PCW = Qu / (Household Water Consumption x (.32

US98 parts mat cannot be reglaced by Recycied water 68% Msﬁ'mrfzmﬁ"%‘dh’
'mm Bathe |\Washing Food| Washup | kitchen usage | Todel | Cleanng ot huar fotal
Daty
e 50 60 20 1] = 1] 10 10 n0

Fate 2 Walew covmsenmption per capia per day of 250 Bers
3.  CASE CALCULATION

In this research, ramwater uillization calculation software is laken as basic caloulafion apgroach, precipdation
cbservation value over the past 10 years = applied as fundamental data, residential buildings in Kachsung
Mefropolitan Disirict is considarad a= study subjecis, and ramwater utilizafion rate or tap water subslibution rate
are utilized as referential indicators for raimwater siorage tank Base arear 3478 61 1, basic Information

The above mentioned househaold water consumgption is more difficult fo be confroBad by the engineering desgn of
rainwater collection system. Under condition where ramwaler cobection &rea is kept constant, igher rainwater
lank capacty and precpiabon usually yield grester raimwater coliection and utiization volume, which in lum
increases 1ap waler substution rate Please be noted that this arficle s willen to discuss two indicalors of
rainwater slorage desgn — rainwater uldkization rate PRL (%) and subshiution rate of fap water PCW (%), which
are diffierent from the tap water substitution rate Rc stated in the "Technical Regulations for Rainwaler Slorage
Desgn on Buidings” propesed by Construction and Planning Agency (Minislry of Inferior), The fap waler
substitution rate R stated in the reguiations can be considered as fap water substitubion volume / fotal building
waler consumplion

4. CALCULATION RESULTS

41,  General climate

According to Technical Reguilations for Rainwater Sterage Design on Buildings” proposed by Ministry of Inferior,
recyclod water can be appled o replace waler used for foilket, cleaning, and other purpeses. Since waler volume
of this kind takes up approomaiely 32% of tofal housshold water consumption, wnder condrion where rainwater
can be apphed to replace & maximem 32% of fofal household water consumption, tap waler substitution rale can
be evaluated through the follewing formuta { Table 3}

Calcutate the average rasmwater collection volume CRW (m”) per day per m*
(a} Mlpine areas 259 mix8 dmms0 85 x I0°=2 25 m?

(b} Coasial areas: 260 mx2 dmma B5 x 10-=0.54 m*

() Hilly area: 269 m?x5 Bmmd) 85 % 0= 1 28 m?

(d} Plains area. 265 mwd Zmmed) 85 w 10-7=0 96 m?

Calculate the average wates overflow volume (mday)

{a) Alpins aress @ 2 25 mi+158 m07 m=61 25m (Mo water cverflows)
(b} Coastal areas: 0.54 m+158 m™-07 m=5054 m* (No water overfiows)
() Hilly aresm - 1,28 m +158 m97 m*=60 28 m* {No waler averliows)
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(d) Plains area ; .96 m*156 m-87 m*=50 95 m* (No water ovarflows)

Caleuszle rainwater ulilization rate PRLU (%) and substitulan rate of tap wates POW (%)

{a) Alpine areas - (.38% ( Raimwater Utilization Rate)

() Cosstal areas - 1.5% ( Rainmwater Utization Rate)

{&) Hilly area & 0.6% { Rainwaler Utilization Rale)

{d} Plains area : 0.8% { Rainwater Ulidzation Rate}

4.2, Typhoon season

Calcutale the average rainwater collection volume CRW (m7) per day per m?

{a) Alpine areas :© 269 méx ] 48Tmmx0.85 x 10-=340 m?

{b) Coastal areas © 260 mexB0TmmD 85 x I0-=137 m

(¢ Hilly area : 268 mrxB35mmsd 85 x [05=191m’

{d) Plains area © 269 modB3mmxd, 85 « 10-=174m°

Caleulate the average water ovarfiow volume (m-day)

() Alpine areas © 340m™+156 m-07 mi=309m (Wilh waler overflows 302 m7)

{b) Coastal areas @ 137m*+156 m-87 m'=50 mi{With waler overfiows 302 m?)

{c) Hilly area © 181 md+ 158 m97 m*=250m’ (With water overflows 153 m?)

{d) Plains area © 174m3+158 m287 m=233 m? (With water overflows 138 m?)

Caleutale rainwater ulilization rale PRU (%) and subsidulion rate of tap waler PCW,

{a) Alpine areas - 10%( Rainwater Utdzation Rate)

{b). Coastal areas - 25%{ Rainwater Utilzation Rate)

{c) Hilly area : 18% Rainwater Uiilization Rae)

(d} Plains area : 20%{ Rainwater LAilzation Rale)

v ths study, rain waler ulihzaton rate of 30%, 50%, and 70% in “Waler Consumphion Efficency” under LEED and
rainwater ulilizaton rate of 30%-80% under SBTool ara both applied as a grading and evaluation standard Based
on rainwater storage and ublization design in “Building Technical Regulation”, new buiidings with lofal fioor areas
mara than 10,000m2 must have their rainwater storage and utilization system adequately insfalled

5. CONCLUSION

The study takes into account the items specilied by he LEED Green Budding Evaluation of he United Stales which
slates the efficiency of rainwaler usage as 30% 50% . 70%, and the evaluation basis of rainwater recycke rale of
EBTool of 30% to 80%, and k= in accordance with the rainwater storage and recycling policy from "Specification
Related lo Architectural Regulation i Technicality in Taiwan® which emphasizes that new consiructions wilh the
total floor surface area greaer than 10,000m¢ = required to mstall rainwater recycling system. Hence, the study

focuses an the data gathered from coliective housing s an example and establishes the rainwaler recycling rale
gt 30%, 509, and 70% 1o calcutate the average mean of the data collecled. The result of the ram waber recycling
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rafe i5 calculated as tm’ per aach of the studed region, and the results o each regon’s requiremant for ranwatsr
siorage voiume and the replacement rate of tab water ane spectfied in Figures 4.

Imcther words, in order to satsfy ihe specification of *Sdver Level Rainwater usage rate” of 30% declared by LEED
#ssocation, the exampie of the collectve housing in the hilly area examined in this study would onfy need 3me of
rain water collection volume for the "Goid Level of Ramwater usage rate” of 50%, the raimwaler collection wlumes
should be 25m” In order to oblasn the “Platinum Level of Rainwater usage rale” of 70%, the volume should be
ml

Regonsm Kaohsiung and | Mounfainous Coasts & Hily R IHHrn;H Tab Water Replacemen!

Ranwaler Lisage (%) Faagun Feate (%9
% 7.5{m’) 4 3m') m) 15{m}
Annisal Sening | ZBBANTD/ | 2BEINTDS | 288ENTDY | 1,620 NTD! Increase 17.90%
Sutable | o0 Waler Bl fous el d housahold hausehold Pousehod
God far 5% 12 m) 7 1{mv) 5(m) 25{m)

Rainwater | Annual Savang | 1,886 NTD / 2B40NTD Y ZBONTD/ | S4ONTD/ Increasa 31.70%
Recyding | on Waler B8 Fousehold housahold hausehaoid househod
Lisage T0% 17 5{m’) 10{m’) Time) Bim')
Annual Szang | 1,356NTD/ 2E0NTD! 2652 NTDJ The same Increass 43 00%
on Water Bil household housahold haousahold amourd
Frpge I Cainiaton for the st of ieredns needed for e cmeser cnllection roleme 0 sach of e coderthe hosng magon 71

Fwrain?
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